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Defcription of the Inftruments and Ope- 
rations of Chemiftry. 


DEEE 


INTRODUCTION. 


N the two former parts of this work, I defign- 

édly avoided being particular in defcribing 
the manual operations of chemiftry ; becaufe [ 
had found from experience, that in a work ap- 
propriated to reafoning, minute defcriptions of 
procefles and of plates interrupt the chain of 
ideas, and render the neceffary attention both 
difficult and tedious to the reader. On the 
other hand, if I had confined myfelf to the 
fammary defcriptions hitherto given, beginners 
could have only acquired véry vague concep- 

Vo. II, À tions 
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tions of practical chemiftry from my work, and 
muft have wanted both confidence and intereft 
in operations they could neither repeat nor tho- 
roughly comprehended. This want could not 
have been fupplied from books; for, befides 
that there are not any which défcribe the-mo- 
dern inftruments and experiments fuficiently at 
large, any work that could have been confulted 
would bave prefented thefe things under a very 
different order of arrangement, and in a dif- 
ferent chemical language, which muft greatly 
tend to injure the main objeét of my perform- 
ance. s€T 
Influenced by thefe motives, I determined to 
referve, for a third part of my work, a fummary 
defcription of all the inftruments and manipu- 
lations relative to elementary chemiftry. I con- 
fider it as better placed at the end than at the 
beginning of the book ; becaufe, otherwife, I 
muft have been obliged to fuppofe the reader 
converfant with circumftances which a beginner 
cannot know, and to become acquainted with 
which he muft have previoufly read the elemen- 
tary part. The whole of this third part may, . 
therefore, be confidered as refembling the ex- 
planations of plates, which are ufually placed at 
the end of academic memoirs, that they may not 
interrupt the connection of the text, by length- 

ened defcription, 
Though 
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Though I have taken great pains to render 
this part clear and méthodical, and have not 
omitted any eflential .inftrument or apparatus, I 
am far from pretending by it to fet afide the 
neceflity of attendance upon lectures and labo- 
ratories, for fuch as wifh to acquire accurate 
knowledge of the fcience of chemiftry. : Thefe 
fhould familiarize themfelves to the employment 
of apparatus, and to the performance of experi- 
ments by a@ual experience. :Nihil ef in intel. 
leëlu quod non prius fuerit in fenfu, the motto 
which the celebrated Rouelle caufed to be paint- 
ed in large characters on a confpicuous part of 
his laboratory, is an important truth never to 
be loft fight of either by teachers or fludents of 
chemiftry. 

Chemical operations may be naturally divided 
into feveral clafles, according to the purpofes 
they are intended for performing. Some may 
be confidered as purelÿ mechanical, fuch as the 
determination of the weight and bulk of bodies, 
trituration, levigation, fearching or fifting, wafh- 
ing, filtration, &c. Others may be confidered 
as real chemical operations, becaufe they are 
performed by means of chemical powers and 
agents ; fuch are folution, fufion, &c. Some of 
thefe are intended for feparating the elements of 
bodies from each other, fome for reuniting thefe 
elements together, and fome, as combuftion, pro- 

À 2 duce 
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duce both thefe effc@s during the fame pro- 
cefs. = 

Without rigouroufly endeavouring to follow 
the above method, I mean to give a detail of the 
chemical operations in fuch order of arrangement 
as feems beft calculated for conveying inftruc- 
tion. I fhall be more particular in defcribing 
the apparatus connected with modern chemif- 
try, becaufe thefe are hitherto little known by 
men who have devoted much of their time to 
chemiftry, and even by many profeflors of the 
fcience, 


CHAP. 


OF CHEMISTRY. $ 


CHEAP UE 


Of the Infiruments necefüry for determining the 
Abfolute and Specific Gravities of Solid and 
Liquid Bodies. 


HE beft method hitherto known for deter- 
mining the quantities of fubftances fub- 
mitted to chemical experiment, or refulting from 
them, is by means of accurately conftruéted beams 
and fcales, with properly regulated weights; 
which well-known operation is called weighing. 
The denomination and quantity of the weight 
ufed as an unit or ftandard for this purpofe are 
extremely arbitrary, and vary, not only in differ- 
ent kingdoms, but even in different provinces 
of the fame kingdom, and in different cities of 
the fame province. This variation is of infinite 
confequence to be well underftood in commerce 
and in the arts; but, in chemiftry, it is of no 
moment what particular denomination of weight 
be employed, provided the refults of experi- 
ments be expreffed in convenient fractions of 
the fame denomination. For this purpofe, un- 
til all the weights ufed in fociety be reduced to 
the fame ftandard, it will be fufficient for che- 
mifts, in different parts, to ufe the common pound 
À 3 of 
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of their own country, as the unit or ftandard, 
and to exprefs all its fraétional parts in decimals, - 
inftead of the arbitrary divifions now in ufe. 
By this method the chemifts of all countries will 
be thoroughly underftood by each other ; as, al- 
though the abfolute weights of the ingredients 
and produéts cannot be known, they will readily, 
and without calculation, be able to determine 
the relative proportions of thefe to each other 
with the ütmoft accuracy ; fo that in this Way we 
fhall be poffefled of an univerfal language for this 
part of chemiftry. 

With this view TI have long projeéted to have 
the pound divided into decimal fraétions, and} 
have of late fucceeded, through the afiftance of 
Mr Fourche, balance-maker at Paris, who has 
executed it for me with great accuracy and judg- 
ment. Îrecommend to all who carry on experi- 
ments to procure fimilar divifions of the pound, 
which they will find both eafy and fimple in its 
application, with a very fmall knowledge of de- 
cimal fractions *, 


As 


* Mr Lavoifier gives, in this part of his work, very 
accurate direétions for reducing the common fubdivifions 
ofthe French pound into decimal fraétions, and vice verfa, 
by means of tables, fubjoined to this 3d part. As thefe 
inftruétions, and the table, would be ufelefs to the Britifh. 
chemiil, from the difference between the fubdivifions of 
the French and Troy pounds, I have omitted them, but 

have 
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As the ufefulnefs and accuracy of chemiftry 
depend entirely upon the determination of the 
weights of the ingredients and produéts, both 
before and after experiments, too much preci- 
fion cannot be employed in this paït of the fub- 
je ; and, for this purpofe, we muft be provided 
with good inftroments. Às we are often obli- 
ged, in chemical procefles, to afcertain, within 
a grain or lefs, the tare or weight of large and 
heavy inftruments, we muft have beams made 
with peculiar nicety by accurate workmen, and 
thefe muft always be kept apart from the labo- 
ratory, in fome place where the vapours of acids, 
or other corrofive liquors, cannot have accefs, 
otherwife the fteel will ruft, and the accuracy of 
the balance be deftroyed. I have three fets, of 
different fizes, made by Mr Fontin with the ut- 
moft nicety, and, excepting thofe made by Mr 
Ramfden of London, I do not think any can 
compare with them for precifion and fenfibility. 
The largeft of thefe is about three feet long in 
the beam for large weights, up to fifteen or 

-twenty pounds ; the fecond, for weights of eigh- 

À 4 teen 

have fubjoined in the appendix accurate rules for con- 

verting the one denomination into the other, together 

with tables for reducing the various divifons of our 

Troy pound into decimals, and for converting thefe de- 
cimals into the ordinary divifions.—T. 
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teen or twenty ounces, is exact to a tenth part of 
a grain; and the fmalleft, calculated only for 
weighing about one dram, is fenfibly affected by 
the five hundredth part of a grain. 

Befides thefe nicer balances, which are only 
ufed for experiments of refearch, we muft have 
others of lefs value for the ordinary purpoifes of 
the laboratory. A large iron balance, capable 
of weighing forty or fifty pounds, within half a 
dram ; one of a middle fize, which may afcer- 
tain eight or ten pounds, within ten or twelve 
grains ; and a fmall one, by which about a 
pound may be determined within one grain. 

We muft likewife be provided with weights 
divided into their feveral fractions, both vulgar 
and decimal, with the utmoft nicety, and veri- 
fied by means of repeated and accurate trials in 
the niceft fcales ; and it requires fome experi- 
ence, and to be accurately acquainted with the 
different weights, to be able to ufe them pro- 
perly. The beft way of precifely afcertaining 
the weight of any particular fubftance, is to 
weigh it twice, once with the decimal divifions 
of the pound, and another time with the com- 
mon fubdivifions or vulgar fractions, and by 
comparing thefe, we attain the utmoft accuracy. 

By the fpecific gravity of any fubftance, is 
underftood the quotient of its abfolute weight 
divided by its magnitude, or, what is the fame, 
the weight of a determined bulk of any body. 

The 
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The weight of a determinate magnitude of wa- 
ter has been generally afamed as unity for this 
purpole ; and we exprefs the fpecific gravity of 
gold, fulphuric acid, &c. by faying, that gold 1s 
nineteen times, and fulphuric acid twice the 
weight of water, and fo of other bodies. 

It is the more convenient to affume water as 
unity in fpecific gravities, that the fubfiances 
whofe fpecific gravity we wifh to determine, are 
moft commonly weighed in water for that pur- 
pofe. Thus, if we wifh to determine the fpe- 
cific gravity of gold flattened under the ham- 
mer, and fuppofing the piece of gold to weigh 
48982 grs. in the air *, it is fufpended by 
means of a fine metallic wire under the fcale of 
a hydroftatic balance, fo as to be entirely im- 
merfed in water, and again weighed. The 
piece of gold in Mr Briflons experiment loft by 
this means 253.97. ; and as it is evident that 
the weight loft by a body weighed in water is 

_precifely equal to the weight of the water dif- 
placed, or to‘that of an equal volume of water, 
we may çonclude, that, in equal magnituées, 
gold weighs 48082 grs. and water 253 grs. 
which, reduced torunity, gives 1.0000 as the 
fpecific gravity of water, and 19.3617 for that 
of gold. We may operate in the fame manner 

with 


4% Vide Mr Briflons Effay upon Specific Gravity, p. 5: 
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with all folid fubftances. We have, however, 
rarely any occafion, in chemiftry, to determine 
the fpecific gravity of folid bodies, unlefs when 
operating upon alloys or metallic glafles ; but 
we have very frequent neceffity to afcertain that 
of fluids, as it is often the only means of judg- 
ing of their purity or degree of concentration. 

This objet may be very fully accomplifhed, 
with the hydroftatic balance, by weighing a fo- 
lid body, fuch, for example, as à little ball of 
rock cryftal fufpended by a very fine gold wire, 
firft in the air, and afterwards in the fluid 
whofe fpecific gravity we wifh to difcover. The 
weight loft by the cryftal, when weighed in the 
liquor, is equal to that of an equal bulk of the 
liquid. By repeating this operation fucceffively 
in water and different fluids, we can very readi- 
y afcertain, by a fimple and eafy calculation, 
thé relative fpecific gravities of thefe fluids, 
either with refpeét to each other or to water. 
This method is not, however, fufficiently exa&, 
or, at leaft, is rather troublefome, from its ex- 
treme delicacy, when ufed for liquids differing 
but little in fpecific gravity from water ; fuch, 
for inftance, as mineral waters, or any other 
water. containing very fmall portions of falt in 
folution. 

In fome operations of this nature, which 
have not hitherto been made public, I employed 
an inftrument of great fenfibility for this pur- 

pofe 
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pole with great advantage. It confifts of a hol- 
low cylinder, Abc, PI. VIL fig. 6. of brafs, or 
rather of filver, loaded at its bottom, bcf, with 
tin, as reprefented fwimming in a jug of water, 
Imno. To the upper part of the cylinder is 
attached a ftalk of filver-wire, not more than 
three-fourths of a line in diameter, furmounted 
by a little cup d, intended for containing weights; 
upon the ftalk a mark is made at g, the ufe of 
which we fhall prefently explain. This cylin- 
der may be made of any fize; but, to be accu- 
rate, ought at leaft to difplace four pounds of 
water, The weight of tin with which this in- 
ftrument is loaded ought to be fuch as will make 
it remain almoft in equilibrium in diftilled 
water, and fhould not require more than half 
a dram, or a dram at moft, to make it fink 

to g. 3 
We muft firft determine, with great preci- 
fion, the exaét weight of the inftrument, and 
the number of additional grains requifite for 
making it fink, in diftilled water of a determi- 
nate temperature, to the mark: We then per- 
form the fame experiment upon all the fluids 
of which we wifh to afcertain the fpecific gravi- 
tes, and by means of calculation, reduce the 
obferved differences to a common ftandard of 
cubic feet, pints, or pounds, or of decimal frac- 
tions, comparing them with water. This me- 
thod, joined to experiments with certain re- 
agents, 
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agents #, is one of the beft for determining the 
quality of waters, and is even capable of point- 
ing out differences which efcape the moft accu- 
rate chemical analyfis. ,1 fhall, at fome future 
period, give an account of a very extenfive fet 
of experiments which I have made upon this 
fubject. 

Thefe ‘netallic hydrometers are only to be 
ufed for determining the fpecific gravities of 
fuch waters as contain only neutral falts or al- 
kaline fubftances ; and they may be conftruéted 
with different degrees of ballaft for alcohol and 
other fpirituous liquors. When the fpecific gra- 
vities of acid liquors are to be afcertained, we 
muft ufe a glafs hydrometer, as reprefented 
PL VIL. fig. 14+. This confifts of a hollow cy- 
linder of glafs, a bc f,,hermetically fealed at its 
lower end, and drawn out at the upper extremi- 
ty into a capillary tube a, ending in the little 
cup or bafon 4. This inftrument is ballafted 
with more or lefs mercury, at the bottom of the 
cylinder, introduced through the tube, in pro- 

portion 


* For the ufe of thefe reagents, fee Bergmans excel- 
lent treatife upon the analyfis of mineral PERS in his 
Chemicaland Phyfical Eflays.—T, 


+ Previous to the year 1787, I have feen fimilar glafs 
hydrometers, made for Dr Black by B. Knie, a very in- 
genious artift in Edinburgh.—T. 
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portion to the weight of the liquor intended to 
be examined : We may introduce a fmall gradu- 
ated flip of paper into the tube a d ; and, though 
thefe degrees do not exadly correfpond to the 
fraétions of grains in the different liquors, they 
may be rendered very ufeful in calculation. 

What is faid in this chapter may fuffice, with- 
out farther enlargement, for indicating the means 
of afcertaining the abfolute and fpecific gravities 
of folids and fluids, as the neceflary inftruments 
are generally known, and may eafily be procu- 
red: But, as the inftruments I have ufed for 
meafuring and weighing the gafes are not any 
where defcribed, I fhall give a more detailed ac- 
count of thefe in the following chapter. 


CHAP. 
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Litres 


Of Gazometry, or the Menfurement of the Weight 
and Volume of Aëriform Subflances. 


NE Pen —— \ 


PRCTOE 


tr 


. Defcription of the Pneumato-chemical Apparatus. 


HE French chemifts have of late appl'ed 
fn nam2 of preumato-chemical apparatus 
to the very fimple and ingenious contrivance, 
invented by Dr Priefiley, which is now indifpen- 
fibly neceliary to every laboratory. This con- 
fifts of a wooden trough, of larger or {maller 
dimenfions as is thought convenient, lined with 
plate-lead or isnned copper, as reprefented in 
perfpective, PI. V. Fig. 1.—In Fig. 2. the fame 
trough or ciftern is fuppofed to have two of its 
fides cut away, to fhow its interior conftruétion 
more diftinétly. In this apparatus, we diftin- 
guifh between thx fhelf A BCD, Fig. 1. and 2. 
and the bottom or body of the ciftern FGHI, 

Fig. 
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Fig. 2. The jars or bell-glafles are filled with 
water in this deep part, and, being turned with 
their mouths downwards, are afterwards fet up- 
on the fhelf ABCD, as fhewn PI. X. Fig. 1. F.— 
The upper parts of the fides of the ciftern above 
the level ofthe fhelf are called the ri” or borders. 

The ciftern ought to be filled with water, fo 
as to ftand at leaft an inch and a half deep over 
the fhelf, and it fhould be of fuch dimenfions as 
to admit of at leaft one foot of water in every di- 
rection in the well, or ciftern. The fize above 
defcribed is fufficient for ordinary occafions ; but 
it is often convenient, and even neceflary, to 
have more room ; I would therefore advife fuch 
as intend to employ themfelves ufefully in che- 
mical experiments, to have this apparatus made 
of confiderable magnitude, when their place of 
operating will allow. The well of my principal 
ciftern holds four cubical feet of water, and its 
fhelf has a furface of fourteen fquare feet ; yet, 

in fpite of this fize, which I at firft thought im- 
. moderate, I am often ftraitened for room. 

In laboratories, where a confiderable number 
of experiments are performed, it is neceffary to 
have feveral leffer cifterns, befides the large one, 
which may be called the general magazine ; and. 
even fome portable ones, which may be moved 
when neceflary, near a furnace, or wherever 
they may be wanted. There are likewife fome 
Pperations which dirty the water of the appara- 

tus, 
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tus, and therefore require to be carried on in cif- 
terns by themfelves. 

It were doubtlefs confiderably cheaper to ufe 
cifterns of wood, fimply dove-tailed, or iron- 
bound tubs, inftead of being lined with lead or 
copper ; and in my firft experiments I ufed them 
made in that way, but I foon difcovered their 
inconvenience. If the water be not always 
kept at the fame level, fuch of the dovetails as 
are left dry fhrink, and, when more water is 
added, it efcapes through the joints, and runs 

out. | Res 

We employ cryftal-jars or bell-glaffes, PL V. 
Fig. 9. A, for containing the glafles in this ap- 
paratus; and, for tranfporting thefe, when full 
of gas, from one ciftern to another, or for keep- 
ing them in referve when the ciftern is too full, 
we make ufe of a flat difh BC, furrounded by a 
ftanding up rim or border, with two handles DE 
for carrying it by. 

After feveral trials of different materials, E 
have found marble the beft fubftance for con- 
ftru@ing the mercurial pneumato-chemical ap+ 
paratus, as it is perfeétly impenetrable by mer- 
cury, and is not liable, like wood, to feparate at 
the junctures, or to allow the mercury to efcape 
through chinks ; neither does it run the rifk of 
breaking, like glafs, fione-ware, or porcelain. 
Take a block of marble BCDE, Plate V. Fig. 3. 
and 4. about two feet long, 15 or 18 inches: 

broad, 
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broad and ten inches thick, and caufe it to be 
hollowed out, asat 2, Fig. 5. about four inches 
- deep, as a refervoir for the mercury ; and, to be 
able more conveniently to fill the jars, cut the 
gutter T V, Fig. 3. 4. and 5. at leaft four inches 
deeper ; and as this trench may fometimes prove 
troublefome, it is made capable of being covered 
at pleafure by thin boards, which flip into the 
grooves x y, Fig. 5. ÆE have two marble cifterns 
upon this conftruction, of different fizes, by 
which I can always employ one of themas a re- 
fervoir of mercury, which it preferves with more 
fafety than any other vefel, being neither fub- 
je to overturn, nor to any other accident. We 
operate with mercury in this apparatus exadly , 
as with water in the one before defcribed ; but 
the bell-glaffes muft be of fmaller diameters, and 
much ftronger ; or we may ufe glafs-tubes, ha- 
ving their mouths widened, as in Fig. 7. ; thefe 
are called eudiometers by the glafs-men who féll 
them. One of the bell-glaffes is reprefented 
Fig. 5. À. ftanding in its place, and what is call- 
ed a jar is engraved at Fig. 6. + 
The mercurial pneumato-chemical apparatus 
is neceflary in all experiments wherein the dif- 
engaged gafes are capable of being abforbed by 
water, as 15 frequently the cafe, efpecially in all 
combinations, excepting thofe of metals, in fer- 
mentation, &c. 
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SLCT, 7 
Of the Gazometer. 


I give the name of gaxometer to an inftrument 
which I invented, and caufed to be conftructed, 
for'the purpofe of a kind of bellows, which 
might furnifh an uniform and continued ftream 
of oxygen gas in experiments of:fufion. Mr 
 Meufnier and I have fince made very confider- 
able corrections and additions, having converted 
it into what may be called an vniver/fal infiru- 
ment, Without which it is hardly poflible to per- 
form moft of the very exact experiments. The 
name we have given the inftrument indicates its 
intention for meafuring the volume or quantity 
of gas fubmitted to it for examination. 

It confifts of a ftrong iron beam, DE, PI. VIII. 
Fig. x, three feet long, having at each end, D, 
and E, a fegment of a circle, likewile ftrongly 
conftructed of iron, and very firmly joined. In- 
fiead of being poifed as in ordinary balances, 
this beam refts, by means of a cylindrical axis 
of polifhed fteel, F, Fig. 9. upon two large 
moveable brafs friétion-wheels, by which the 
refiftance to its motion from friction is confider- 
. ably diminifhed, being converted into friétion 
* ofthe fecond order. As an additional precan- 
tion, 
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tion, the parts of thefe wheels which fupport 
the axis of the beam are covered with plates of 
polifhed rock-cryftal. The whole of this machi- 
pery is fixed to the top of the folid column of 
wood BC, Fig. 1. To one extremity D of the 
beam, a fcale P for holding weights is fufpend- 
ed by a flat chain, which applies to the curvature 
of the arc Do, in a groove made for the pur- 
pofe.. To the other extremity E of the beam is 


- applied another flat chain, : £ », fo conftructed, 


as to be incapable of lengthening or fhortening, 
by being lefs or more charged with weight; to 
this chain, an iron trivet, with three branches, 
ai, c à, and b z, is ftrongly fixed at 1, and thefe 
branches fupport a large inverted jar A, of ham- 
mered copper, about 18 inches diameter, and 
20 inches deep. The whole of this machine is 
reprefented in perfpective, PI. VIIL Fig. r.; and 
PL IX. Fig. 2. and 4. give perpendicular fec- 

tions which fhew its interior ftrudure. 
Round the bottom of the jar, on its outfide, 
is fixed, PI. IX. Fig. 2. a border divided into 
compartments 1, 2, 3, 4, &c. intended to re- 
ceive leaden-weights feparately reprefented 1, 
2, 3, Fig. 3. Thefe are intended for increafing 
the weight of the jar when a confiderable pre{- 
fure is requifite, as will be afterwards explained, 
though fuch neceffity feldom occurs. The cy- 
lindrical jar A is entirely open below, d e, 
PL. IX. Fig. 4; but is clofed above with a cop- 
B:3 |: POE 
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pér Hd, a be, open at b f, and capable of being 
fhut by the cock y. This lid, as may be feen by 
infpedting the figures, is placed a few inches 
within the top of the jar, to prevent the jar from 
being ever éentirely immerfed in the water, and 
covered over: were I to have thisinftrument made 
over again, 1 fhould caufe the lid to be confider- 
. ably more flattened, fo as to be almoft level. 
This jar or refervoir of air is contained in the | 
cylindrical copper-veflel LMNO, PL. : VIIL ® 
Fig. ï. filed with water. 
de the middle of the cylindrical veflel LMNO, 
I. 1X. Fig. 4. are placed two tubes sr, x y, 
entre made to approach each other at their 
upper extremities # y; thefe äre made of fuch a 
length às to rife a little above the upper edge 
LM of the veflel LMNO, and when the jar 
abcde touches the bottom NO, their upper ends 
entér about half an inch intothe conical hollow 
b, leading to the ftop-cock g. 

* The bottom of the veffel LMNO, is ae 
ed PI IX. Fig. 3. in the middle of which a 
fmall hollow hemilpherical cap is foldered, which 
may be confidered as the broad end of a funnel 
reverfed ; the two tubes s 4, x y, Fig. 4. are ad- 
apted to this cap at$ and x, and by this means 
communicate with the tubes mm, nn, 00, bp, 
Fig. 3. which are fixed horizontally upon thé 
bottom of the veflel, and'all of which terminate 
in, and âfe united by, the fpherical cap sx. T'hree 
of thefe tubes are continued out of the veffel as in. 
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PI. VIIL Eig. 1, The firft marked in that figure 
1,2, 8; 15 inferted at its extremity 3, by means 
of an intermediate ftop- cock 4, to the. jar V. 
‘ which, fands upon the fhelf of a fmall pneumato- 
chemical. apparatus GHIK, the infide of which 
is fhewn PI. IX. Fig. 1: , Fhe fecond tube ; is Ap- 
pliedagainft the outfide ofthe veffel LMNO from 
6,t0 7,1s.continued at 8, 9, 10, and at 17 is en- 
gaged below the jar V. The former of thefe 
tubes is intended for conveying gas: into the 
machine, and the *latter for conduéting {mall 
quantities-for trials under jars., The gas is made 
either to flow into or out of the machine, accord- 
ing to the degree of preffure it reccives; and 
this preflure is varied at, pleafure, by loading 
the fcale P lefs or more, by means of weights. 
When gas is to be introduced into the machine, 
the preflure is taken off, or even rendered ne- 
gative ; but when gas is to be expelled, a pref- 
fure is made with fuch degree of force as is found 
neceffary. 

The third tube 12, 13, 14, 15, is intended fé 
conveying. air or gas to any neceflary place or 
apparatus for combuftions, combinations, or any 
other experiment in which it may be required. 

: To explain he ufe of the fourth tube, I muit 
enter into fome difcuflions. Suppofe the veffei 
 LMNO, PL VIIL. Fig. 1. full of water, and the 
jar À partly filled with gas and partly with 
water ; 1t 15 evident that the weights in the ba- 

B 3 fon 
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fon P may be fo adjufted, as to occafion an ex- 
a equilibrium between the weight of the bafon 
and of the jar, fo that the external air fhall not 
tend to enter into the jar, nor the gas to efcape 
from it; and in this cafe the water will ftand 
exa@ly at the fame level both within and with- 
out the jar. On the contrary, if the weight in 
the bafon P be diminifhed, the jar will then prefs 
downwards from its own gravity, and the water 
will ftand lower within the jar than it does 
without ; in this cafe, the included air or gas 
will fuffer a degree of compreffion above that 
experienced by the external air, exactly propor- 
‘ tioned to the weight of a column of water, equal 
* tothe difference of the external and internal 
furfaces of the water. 
From thefe refletions, Mr Meufnier contrived 
a method of determining the exaét degree of pref- 
fure to which the gas contained in the jar is at 
any time expofed. For this purpofe, he employs 
a double glafs fyphon 19, 20, 21, 22, 23, firmly 
cemented at 19 and 23. The extremity 19 of 
this fyphon communicates freely with the water 
in the external veflel of the machine, and the 
extremity 23 communicates with the fourth 
tube at the bottom of the cylindrical veflel, and 
confequently, by means of the perpendicular 
tube s#, PI. IX. Fig. 4. with the air contained in 
the jar. He likewife cements, at 16, PI. VIII. 
Fig. 1. another glaf-tube 16, 17, 18, which 
communicates 
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communicates at 16 with the water in the exte: 
rior veflel LMNO, and, at its upper gd 185 is 
open to the external air. : 

By thefe feveral contrivances, it is evident 
that the water muft ftand in the tube 16, 17, 18$ 
atthe famelevel with that'in the ciftern LMNO ; 
and, on the contrary, that, in the branch 10, 
20, 21, it muft ftand higher or lower according 
as the air in the.jar is fubjected to a greater or 
leffer preflure than the external air. To afcer- 
tain thefe differences, a brafs fcale divided: into 
inches and lines is fixed’ between thefe two 
tubes. It is readily conceived that, as air, and 
all other elaftic fluids, muft increafe in weight 
by compreflion, it is neceflary to know their 
degree of condenfation to be enabled to calcu- 
late their quantities, and t6 convert the meafure 
of their fvolumes into correfpondent weights ; 
and this objet is intended to be fulfilled by the 
eontrivance now defcribed. 

But, to determine the fpecific gravity of air 
or of gafes, and to afcertain their weight in a 
known volume, it is neceflary to know their tem- 
perature, as well as the degree of preflure under 
which they fubfift ; and this is accomplifhed by 
means of 4 fmall thermometer, ftrongly cement- 
ed into a brafs collet, which fcrews into the lid 
“ofthe jar A. This thermometer is reprefented 
feparately, PI. VIII. Fig. 10. and in its place 
24, 25, Fig. 1. and PI. IX, Fig. 4 The bulb is 
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in the infide of the jar A, and its graduated ftalk 
rifes on the outfide of the lid. | 

The practice of gazometry would ftill have 
laboured under great diffculties, without farther 
precautions than thofe above defcribed. When 
the jar A finks in the water of the ciftern 
LMNO, it muft lofe a weight equal to that of 
the water which it difplaces ; and confequently 
the compreflion which it makes upon the con- 
tained air or: gas muft be proportionally dimi- 
nifhed. Hence the gas furnifhed, during experi- 
meñts from the machine, will not have the fame 
denfity towards the end that it had at the begin- 


_ning, as'its fpecific gravity is continually dimi- 


nifhings : This difference may, it is true, be de- 
termined by calculation ; but this would have 
occafioned fuch. mathematical inveftigations as 
muft have rendered the ufe of this apparatus 
both troublefome and difficult. Mr Meufnier 
has remedied this inconveniencc by the follow- 
ing contrivance.. À fquare rod of iron, 26, 
27, PL VIII. Fig. 1. is raifed perpendicular to 
the middle of the beam DE. This rod pañes 
through a hollow box of brafs 28, which opens, . 
and may be filled with lead ; and this bex is 
made to flide alongft the rod, by means of a 


_ toothed pinion playingin a rack, fo as to raife or 


lower the box, and to fix it at fuch places as is 

judged proper. 
When the lever or beam DE ftands horizon- 
tal, 
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tal, this box gravitates to meither fide; but, 
when the jar A finks into the ciftern LMNO, 
fo as tomake the beam incline to that fide, it is 
évident the Joaded box 28, which then pañes 
beyond the center of fufpenfon, muft gravi- 
tate to the fide of the jar, and augment its 
_ preflure upon, the included air. ‘This 45 im- 
crealed' in: proportion as the box is raifed to- 
watds 27, becaufe the fame weight exerts a 
greater power in proportion to. the length of 
the lever by which it acts. Hence, by: moving 
the box-28 alongithe rod 26, 27, we can aug- 
ment or. .diminifhk the correction it is intended 
to make upon the preffure of the jar ; and both 
experience and calculation fhew that this may 
be made to compenfate very exactly for the lofs 
of weight in the jar at all degrees of preflüure. 

“TL have not hitherto explained the moft im- 
portant part of the ufe of this machine, which 
15 the manner of employing it for afcertaining 
the quantities of the air or gas furnifhed during 
experiments. To determine this with the moft 
* rigorous precifion, and likewife the quantity 
fupplied to the machine from experiments, we 
fixed to the arc which terminates the arm of 
the beam E,, PI. VIIL Fig. 1. the brafs fector 
l sn, divided into degrees and half degrees, 
which confequentiy moves in common with the 
beam; and the lowering of this end of the 
beam is meafured by the fixed index 29, 30, 


which 
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which has à Nonius giving hundredth parts of a 
degree at its extremity 30. 

The whole particulars of the different parts 
of the above-defcribed machine are reprefented 
in PI. VIII. as follow. 

Fig. 2. Is the flat chain invented bÿ Mr re: 
canfon, and employed for fufpending the: fcale 
or bafon P, Fig. 1.; but, as this lengthens or 
fhortens according as it is more or lefs loaded, it 
would not have anfwered for Re < the jar 
À, Fig. 1: 

Fig: 5. Is the chain 2 & #, which in Fig. 1. 
fuftains the jar A. This is entirely formed of 
plates of polifhed iron interlaced into each other, 
and held together by 1iron-pins. This chain 
does not lengthen in any fenfible degree, by any 
weight it is capable of fupporting. 

Fig. 6. The trivet, or three-branched ftir- 
rup, by which the jar À is hung to the balance; 
with the fcrew by which it is ixeg in an accu- 
rately vertical pofition. 

Fig. 3... The iron rod 26, 27, which is fixed 
perpendicular to the centre of the beam, with its 
box 28. 

Fig. 7. & 8 The frition-wheels, with the 
plates of rock-cryftal Z, as points of contaët by 
which the friction of the axis of the lever of the 
balance is avoided. 

Fig. 


OF CHEMISTRY. 2 

Fig. 4. The piece of metal which fupports 
the axis of the friction-wheels. 

Fig. o. The middle of the lever or se 
with the axis upon which it moves. 

Fig. ro. The thermometer for determining 
the temperature of the air or gas contained in 
the jar. ol 

When this gazometer is to be ufed, the cif. 
tern or external veffel, LMNO, PI. VIII. Fig. 1. 
is to befilled with watér to à detérminate height, 
which fhould be the fame in all experiments. 
The lével of the water fhould be taken whenthe 
beam of the balance ftands horizontal; this 
level, when the jar is at the bottom of the cif- 
tern, is inçreafed by all the waterwhich it dif 
places, and is diminifhed in proportion as the 
jar rifes to its higheft élevation. We next en- 
deavour, by repeated trials, to difcover at what 
elevation the box 28 muft be fixed, to render 
the preflure equal in all fituations of the beam. 
I fhould have faid nearly, becaufe this correc- 
tion is not abfolutely rigorous ; and differences 
of a quarter, or éven of half a line, are not of 
any confequence. This height of the box 28 
is not the fame for every degree of preffure, but 
varies according as this is of one, two, three, or 
more inches. All thefe fhould be regiitered with 
great order and precifion. 

“We next take a bottle which holds eight or 
ten pints, the capacity of which is very accur- 


rately 
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rately determined by wcighing the water it is 
gere of containing. This bottle is turned 

m upwards, full of water in the ciftern of 
the pneumato-chemical apparatus GHIK, Fig. 1. 
and is fet on.its mouth upon the fhelf of the 
apparatus, inftead of the glafs-jar V, having the 
extremity 11:0f theguber7, 8,:9,:10,#&xssin. 
fertedinto its mouth. The machine is fixed at 
zero of preflure, and the degree marked by the 
index 30 upon the feétor 71 / is accurately ob- 
ferved ; then, by opening the flop-cock 8, and 
preffing a little upon the jar À, as much airis 
forced into the ibottle as fills it entirely. The 
degree marked by the index upon the fettor is 
now obferved, and we calculate what number 
of cubical inches correfpond to each degree, 
We then fill a fecond and third bottle, and fo 
on, in the fame manner, with the fame precau- 
tions, and even repeat the operation feveral times 
with boîtles of.different fizes,still at laft, by ac- 
curate attention, we afcertain the exact gage or 
capacity of the jar À, in all its parts; but it is 
better to have it formed at firft accurately cy- 
Hindrical ; by which we avoid thefe calculations . 
and eftimates, 

The inftrument I have been defcribing was 
conftructed with great accuracy and uncommon 
{kill by Mr Meignie junior, engineer and phyfi- 
cal infirument-maker. It is a moft valuablein- 
frument, from the great number of purpoles to 

which 
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which it is applicablé; and, indeed, there are 
many experiments which are almoft impoñlible 
. to be performed without it, It becomes exe 
penfive, becaufe, in many experiments, fuch as 
the formation of water and of nitric acid, it is: 
abfolutely neceffary to employ two of the fame 
machines. In the prefent advanced ftate of che- 
miftry, very expenfive and complicated inftru 
ments are become indifpenfablÿ neceffary, for 
afcertaining the analyfis and fynthefis of bodies, 
_mith the requifite precifion as to quantity and 
» proportion ; it is certainly proper to énideavour : 
to fimplify thefe, and to render them lefs coftly ; 
his ought by no means to be attempted at 
the expence of their conveniency of application, 
and much lefs of their accuracy. | 





SHC Ex AT, 


Sctne other Methods f meafiring tbe T olume of 


Gafes. à 


The gazometer defcribed in 15  foregoing. 
feétion is too coftly and too complicated for be- 
ing generally ufed in laboratories for meafuring 
the gafés, and is not even applicable to every 
circumftance of this kind. In numerous féries 
of experiments, more fimple and more readily 

+ applicable 
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applicable methods muft be employed. For this 
purpofe I fhall defcribe the means I ufed before 
_ I was in poffeffion of a gazometer, and which I 
fill ufe in preference to it in the ordinary courfe 
of my experiments, 

Suppofe that, after an experiment, there is a 
refiduum of gas, neither abforbable by alkali nor 
water, contained in the upper part ofthe Jaf 
AEE, PI IV. Fig. 3. ftanding on the fhelf of a 
pneumato-chemical apparatus, of which we wifh 
to afcertain the quantity ; we muft firft mark the 
height to which the mercury or water a 
the jar with great exactnefs, by means offlips 
of paper pañfted in feveral parts round hear 
If we have been operating in mercury, we be- 
gin by difplacing the mercury from the jar, by 
introducing water in its flead. This is readily 
done by filling a bottle quite full of water ; ha- 
ving ftopped it with your finger, turn it up, and 
introduce its mouth below the edge of the ; jar ; 
then, turning down its body again, the mer- 
cury, by its gravity, falls into the bottle, and 
the water rifes im the jar, and takes the place 
occupieds by the mercury. When this is ac-. 
complifhed, pour fo much water into the cif- 
tern ABCD as will fland about an inch overthe 
furface of the mercury ; then pafs the difh BC, 
PI V. Fig. 9. under the jar, and carry it to the 
water - ciftern, Fig. 1. and 2. We here ex- 
change the gas into another Jar, which has n 2 

ra previoufly 
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previoufly graduated in the manner to be after. 
wards defcribed ; and we thus judge of the 
quantity or volume of the gas by means of the 
degrees which it occupies in the graduated jar. 

There is another method of determining the 
volume of gas, which may either be fubftituted 
in place of the one above defcribed, or may be 
ufefullyemployed as a correétion or proof of 
that method. After the air or gas is exchanged 
from the firft jar, marked with flips of paper, 

to the graduated jar, turn up the mouth of 
the marked jar, and fill it with water exactly to 
the marks EF, PL IV. Fig. 3. and by weighing 
the water, the volume of the air or gas it con- 
tained may be determined; allowing one cubi- 
cal foot or 1728 cubical inches, French mea- 
fure, for each 70 Zibs. French weight, or the 
fame cubical volume in Englifh meafure for each 
75.84 libs. Englifh Troy, of the water. 

The manner of graduating jars for this pur- 
pofe is very eafy, and we ought to be provided 
with feveral of different fizes, and even feveral 
of each fize, in cafe of accidents. Take a tall, 
marrow, and ftrong glafs-jar, and having filled 
it with water in the ciftern, PI. V. Fig. 1. place 
it upon the fhelf ABCD ; we ought always to ufe 
the fame place for this operation, that the ievel 
of the fhelf may be always exactly fimilar, by 
which almoit the only error to which this pro- 
çefs is liable will be avoided. Then take a nar- 

TOW- 
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xow-mouthed phial, holding exa@iy 5 0x. 2 


dramns, 12 grs. Of water, which correfponds to 10 
cubical inches. If you have not one exactly of 
this dimenfion, choofe one a little larger, and 
diminifh its capacity to the fize requifite, by 
dropping in a little melted wax and yrofin. This 
fmall phial ferves the purpofe of a ftandard for 
gaging the jars. Make the air contained in this 
bottle pafs into the jar, and mark exactly the 
place to which the water has defcended ; add 
another meafure of air, and again mark the place 
of the water, and fo on, till all the water be 
difplaced. It is of great confequence that, du- 
ring the courfe of this operation, the bottle and 
jar be kept at the fame temperature with the wa- 
terin the ciftern ; and, for this reafon, we muft 
refrain as much as poflible from kceping the 
hands upon either, or, if we fufpet they have 
been heated, we muft cool them again by means 
of the water in the ciftern. Thetheight of the 
barometer and thermometer during'this experi- 
ment is of no confequence. 

When the marks have ‘been thus afcertained 
upon the jar for very ten cubical inches, we . 
engrave à fcale upon one of its fides by means 
of a diamond pencil. Glafs-tubes are graduated, 
in the fame manner, for ufing in the mercurial 
apparatus, only they muïft be divided into cu- 
bical inches, and tenths of a cubical inch. The 
bottle ufed for gaging thefe muft hold 7 ox. 

‘ xdr. 
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1 dr. 18. gr, of mercury, which exactly cor- 
refpond to a cubical inch of that metal. 

This method of determining the volume of air 
or gas, by means of a gräduated jar, has the ad- 
vantage of not requiring any correction for the 
difference of height between the furface of the 
water within the jar, and in the ciftern ; but it 
requires corrections with refpeét to the height 
. Of the barometer and thermometer. But, when 
we afcertain the volume of air by weighing 
the water which the jar is capable of contain- 
ing, up to the marks EF, it is neceflary to make 
a farther correction, for the difference between 
the furface of the water in the ciitern, and the 
height to which it rifes within the jar. This 
will be explained in the fifth fetion of this 
Chapter. 


10 
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Of the Method of Separating the different Gafes 
from each other. 


_ As experiments often produce two, three, of 
more fpecies of gas, it is neceffary to be able to 
feparate thefe from each other, that we may af- 


certain the quantity and fpecies of each. Sup- 
Voz. Il. C pole 


% VETEMENTS 


pofe that under the jar A, PI. IV. Fig. 3. is 
contained à quantity of different gafes mixed 
together, and ftanding over mercury ; we begin 
by marking with flips of paper, as before direct- 
ed, the height at which the mercury flands 

withinthe glafs ; and then introduce about a cu- 

bical inch of water into the jar, which will fwim 
over the furface of the mercury : If the mixture 
of gas contains any muriatic or fulphurous acid 

gas, a rapid and confiderable abforption will 

inftantly take place, from the ftrong tendency 

thefe two gafes have, efpecially the former, to 

combine with, or be abforbed by water. Ifthe 

water only produces a flight abforption of gas, 

hardly equal to its own bulk, we conclude, that 

the mixture neither contains muriatic acid, ful- 

phuric acid, or ammoniacal gas, but that it con- 
tains carbonic acid gas, of which water only ab- 

forbs about its own bulk. To afcertain this 

conjecture, introduce fome folution of cauftic 

alkali, and the carbonic acid gas will be gra- 

dually abforbed in the courfe of à few hours ; 

it combines with the cauftic alkali or potafh, 

and the remaining gas is left almoft perfetly 

free from any fenfible refiduum of carbonic acid 

gas. 

After each experiment of this kind, we muft 
carefully mark the height at which the mercury 
ftands within the jar, by flips of paper pafted 
on, and varnifhed over when dry, that they may 
not 
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not be wafhed off when placed in the water ap- 
 paratus. . It is likewife neceflary to regifter the 
difference between the furface of the mercury in 
the ciftern and that in the jar, and the height of 
the barometer and thermometer, at the end of 
each experiment. 

When all the gas or gafes abforbable by wa- 
ter and potafh are abforbed, water is admitted 
into the jar to difplace the mercury: and, as is 
defcribed in the preceding fection, the mercury 
in the ciftern is to be covered by one or two 
inches of water. After this, the jar is to be 
tranfported by means of the flat-difh BC, PI. V. 
Fig. 0. into the water-apparatus ; and the quan- 
tity of gas remaining is to be afcertained by 
changing it into a graduated jar. After this, 
fmal] trials of it are to be made by experiments 
in little jars, to afcertain nearly the nature of 
the gas in queftion. For inftance, into a fmall 
jar full of the gas, Fig. 8. PL. V. a lighted taper 
is introduced ; if the taper is not immediately 
extinguifhed, we conclude the gas to contain 
oxygen gas ; and in proportion to the bright- 
nefs of the flame, we may judge if it contain 
lefs or more oxygen gas than atmofpheric air 
contains. If, on the contrary, the taper be in- 
ftantly extinguifhed, we have ftrong reafon to 
prefume that the refiduum ‘is chiefly compofed 
Of azotic gas. If, upon the approach of the ta- 
per, the gas takes fire and burns quietly at the 

C2 furface 
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furface with a white flame, we conclude it to be 
pure hydrogen gas; if this flame is blue, we 
judge-it confifts of carbonated hydrogen gas; 
and, if it takes fire with a fudden deflagration, 
that itis a mixture ofoxygen and hydrogen gas. 
If, again, upon mixing a portion of the refidu- 
um with oxygen gas, red fumes are produced, 
we conclude that it contains nitrous gas. 

Thefe preliminary trials give fome general 
knowledge of the properties of the gas, and 
nature of the mixture, but are not fufficient to 
determine the proportions and quantities of the 
feveral, äfes of which it is compofed. For this 
purpofe all the methods of analyfis muft be em- 
ployed; and, to direct thefe properly, it is of 
great ufe to have a previous approximation by 
the above methods. Suppofe, for inftance, we 
know that the refiduum confifts of oxygen and 
azotic gas mixed together, put a determinate 
quantity, 100 parts, into a graduated tube of 
ten or twelve lines diameter, introduce a folution: 
of fulphuret of potafh in contact with the gas, 
and leave them together for fome days ; the ful- 
phuret abforbs the whole oxygen gas, and leaves 
the azotic gas pure. 

If it is known to contain hydrogen gas, a de- 
terminate quantity is introduced into Volta’s 
eudiometer, along with a known proportion of 
oxygen gas; thefe are deflagrated together by 
means of the electrical fpark; frefh portions of 

oxygen 
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oxygen gas are fucceflively added, till no far- 
ther deflagration takes place, and till the greateft 
poflible diminution is produced. By this procefs 
water is formed, which is immediately abforbed 
by the water of the apparatus ; but, if the hy- 
drogen gas contain carbon, carbonic acid is form- 
ed at the fame time, which is not abforbed fo 
quickly ; the quantity of this is readily afcertain- 
ed by afifting its abforption, by means of agita- 
tion. Ifthe refiduym contains nitrous gas, by 
adding oxygen gas, with which it combines into 
nitric acid, we can very nearly afcertain its quan- 
tity, from the diminution produced by this mix- 
ture. , 

I confine myfelf to thefe general examples, 
which are fufficient to give an idea of this kind 
of operations ; a whole volume would not ferve 
to explain every pofible cafe. It is neceffary to 
become.familiar with the analyfis of gafes by 
long experience, we muft even acknowledge 

that they moftly poflefs fuch powerful affinities to 
each other, that we are not always certain of ha- 
ving feparated them completely. Inthofe cafes, 
we muft vary our experiments in every poflible 
point of view ; adding new agents to the com- 
bination, and keeping out others, and muft con- 
tinue our trials, till we are certain of the truth 
end exactitude of our conclufions. 


C3 SECT. 
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Qf the neceffary Correétions upon the Volume of 
the Gafes, according to the Preflure of the At- 
mofbhere. 


AT elaftic fluids are compreflible or conden- 
fible, in proportion to the weight with which 
they are loaded. Perhaps this law, which is af- 
certained by general experience, may fuffer fome 
irregularity when thefe fluids are under a degree 
of condenfation almoft fufficient to reduce them 
to the liquid ffate, or when either in à ftate of 
éxtreme rarefaétion or condenfation ; but we fel- 
dom approach either of thefe limits with moft of 
the gafes which we fubmit to our experiments. 
1 underftand this propofition of gafes being com- 
preffible, in proportion to their fuperincumbent 
weights, as follows : 

À barometer, which is an inftrument gene- 
rally known, is, properly fpeaking, a fpecies of 
fÿphon, ABCD, PI. XIT. Fig. 16. whofe leg AB 
is filled with mercury, while the leg CD is full 
Of air. If we fuppofe the branch CD indefinitely 
continued till it equals the height of our atmo- 
fphere, we can readily conceive that the baro- 
meter is, in reality, a fort of balance, in which 

a 
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a column of mercury ftands in equilibrium with 
a column of air of the fame weight. Butitis 
unneceffary to prolongate the branch CD to 
fuch a height, as it is evident that the barome…. 
ter being immerfed in air, the column of mer- 
cury AB will be equally in equilibrium with a 
column of air of the fame diameter, though the 
leg CD be cut off at C, and the part CD be ta- 
ken away altogether. 

The medium height of mercury in equili- 
brium wtth the weight of a column of air, from 
the higheft part of the atmofphere to the furface 
of the earth, is about twenty-eight French or 
20.85 Englifh inches in the lower parts of the 
city of Paris; or, in other words, the air at the 
furface of the earth at Paris is ufually preffed 
upon by a weight equal to that of a column of 
mercury twenty-eight inches in height. I muft 
be underftood in this way, in the fevéral parts 
of this publication, when talking of the different 
gafes ; as, for inftance, when the cubical foot of 
oxygen gas is faid to weigh 538.45 grs. under 
29.85 inches prefflure. The height of this co- 
lumn of mercury, fupported by the preffure of 
the air, diminifhes in proportion as we are ele- 
vated above the furface of the earth, or rather 
above the level of the fea ; becaufe thé mercury 
can only form an equilibrium with the column of 
airwhich is aboveit, and is not in the fmalleft de- 
gree affected by the air which is below its level. 

C 4 In 
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: In what ratio does the mercury in the baro- 
meter defcend in proportion to its elevation ? or, 
which is the fame thing, according to what law 
or-ratio do the feveral ftrata of the atmofphere 
decreafe in denfity ? This queflion, which has 
exercifed the ingenuity of natural philofophers 
during the laft century, is confiderably elucida- 

ted by the following experiment. | 
IF we take the glais fyphon ABCDE, PI. XII, 
Fig. 17. fhut at E, and open at A, and introduce 
a f.w drops of mercury, fo as to intercept the 
communication of air between the leg AB and 
the leg BE, it is evident that the. air contained 
in BCDE is preffed upon, in common with the 
whole furrounding air, by a weight or column 
of air equal io 29.85 inches of mercury. But, if 
we pour 29.85 inches of. mercury into the leg 
AB, itis plain that the air in the branch BCDE 
will then be preffed upon by a weight equal to 
twice 29.85 inçhes of mercury, or twice the 
weight of the atmofphere ; and experience fhews 
that, in this cafe, the included air, inftead of 
filling the tub_ from Bto E, only occupies from 
C toE, or exactly one-half of the fpace it filled 
before. If to this firft column of mercury we 
add two other portions of 29.8: inches each, in 
the branch AB, the air in the branch BCDE will 
be preffed upon by four times the weight of the 
atmofphere, or four times the weight of 2Q.85 
inches of mercury, and it will then only fill the 
fpace 
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fpace from D to E, or exactly one-quarter of 
the fpace it occupied at the commencement of 
the experiment. From thefe experiments, which 
may be infinitely varied, it has been deduced as 
a general law of nature, which fcems applicable 
to all permanently elaftic fluids, that they di- 
minifh in volume direétiy in proportion to the 
weight with which they are preffed ; or, in other 
words, “the volume of all elaftic fluids is in the 
“ inverfe ratio of the weight by which they are 
‘6 compreffed.” 

The experiments which have been made for 
meafuring the heights of mountains by means 
of the barometer, confirm the truth of thefe de- 
duéctions ; and, even fuppoñing them in fome 
degree inaccurate, thefe differences are fo ex- 
tremely fmall, that they may be reckoned as no- 
thing in chemical experiments When this law 
of the compreffion of elaftic fluids is once well 
underftood, it becomes eafily applicable to the 
corrections, neceffary in pneumato-chemical ex- 
periments, upon the volume of gas, in relation to 
its preflure. Thefe corrections are of two kinds, 
the one relative to the variations of the barome- 
ter, and the other for the column of water or 
mercury contained in the jars. I fhall endeavour 
to explain thefe by examples, beginning with 
the moft fimple cafe. 

Suppofe that 100 cubical inches of oxygen 
gas are obtained at 54.5° of the thermometer, 
| and 
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and at 30.37 inches of the barometer, it is re- 
quired to know what volume the 1co cubical 
inches of gas would occupy, under the preffure 
of 20.85 inches, and what is the exact weight 
of the 100 inches of oxygen gas? Let the un- 
known volume, or the number of inches this 
gas would occupy at 29.85 inches of the baro- 
meter, be exprefled by x ; and, fince the vo- 
lumes are in the inverfe ratio of their fuperin- 
cumbent weights, we have the following ftate- 
ment: 100 cubical inches is to x, inverfely as 
30.37 inches of preflure is to 29.85 inches ; or 
direétly 20.85 : 30.37 : : 100 : x = 101.741 — 
cubical inches, at 29.85 inches barometrical pref- 
fure ; that is to fay, the fame gas or air which 
at 30.37 inches of the barometer occupies 100 
cubical inches of volume, will occupy 101.747 
cubical inches when the barometer is at 20.85 
inches. It is equally eafy to calculate the weight 
of this gas, occupying 100 cubical inches, under 
-30.37 inches of barometrical preflure ; for, as it 
correfponds to 101.741 cubical inches at the 
preflure of 29.85 ; and as, at this preflure, and 
at 54.5° of temperature, each cubical inch of 
oxygen gas weighs 0.311023 gr. it follows, that 
100 cubical inches, under 30.37 barometrical 
preflure, muft weigh:31.644 grains. This con- 
clufion might have been formed more direétly ; 
as, fince the volume of elaftic fluids is in the 
inverfe ratio of their compreflion, their weights 

muft 
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muft be in the dire ratio of the fame compref- 
fion : Hence, fince 100 cubical inches weigh 
371023 grains, under the preflure of 29.85 in- 
ches, we have the following ftatement to deter- 
mine the weight of 100 cubical inches of the 
fame gas at 30.37 barometrical preflure ; 29.85: 
31.1023 : : 30.37 : x, the unknown quantity,= 

31.644. | 
The following cafe is more complicated : 
Suppofe the jar A, PI. XII. Fig. 18. to contain 
a quantity of gas in its upper part ACD, the 
reft of the jar below CD being full of mercury, 
and the whole flanding in the mercurial bafon 
or refervoir GHIK, filled with mercury up to 
EF, and that the difference between the furface : 
CD of the mercury in the jar, and EF, that in 
the ciftern, is fix inches, while the barometer 
flands at 27.5 inches : It is evident from thefe 
data, that the air contained in ACD is preffed 
upon by the weight of the atmofphere, diminifh- 
ed by the weight of the column of mercury CE, . 
or by 27.5—6=21.5 inches of barometrical] pref- 
fure. This air is therefore lefs comprefled than 
the atmofphere at the mean height of the ba- 
rometer, and confequentiy occupies more fpace 
than it would occupy at the mean preflure, the 
difference being exa@ly proportional to the dif- 
ference between the comprefling weights. If, 
then, upon meafuring the fpace ACD, it is 
found to be 120 cubical inches, it muft be re- 
duced 
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duced to the volume which it would occupy 
under the mean preflure of 29.85 inches. This 
is done by the following ftatement : 120 : x, the 
unknown volume, :: 21.6 : 20.85 inverfely ; this 


120X 21,6 __ 
29.85 


In thefe calculations we may either reduce 
the height of the mercury in the barometer, and 
the difference of level in the jar and bafon, to 
lines, or to‘decimal fractions of the inch ; but I 
prefer the latter, as it is more readily calculated. 
As, in thefe operations, which frequently recur, 
it is of great ufe to have means of abbreviation, : 
I have given a table in the appendix for redu- 
cing lines and frations of lines into decimal 
fractions of the inch. \ 

In experiments performed in the water appara- . 
tus, we muft make fimilar corrections to procure 
rigoroufly exact refults, by taking into account, 
and making allowance for the difference of height 
of the water within the jar above the furface of 
the water in the ciftern. But, as the preflure of 
the atmofphere is exprefled in inches and lines of 
the mercurial barometer, and, as homogeneous 
quantities only can be calculated together, we : 
muft reduce the obferved inches and lines of wa- 
ter into correfpondent heights of the mercury. I 
have given a table in the appendix for this con- 
verfion, upon the fuppolition that mercury is 
13.5681 times heavier than water. 





gives x= = 86.432 cubical inches. 
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Of Corrections relative to the Degrees of the Ther- 
mometer. . | + 


In afcertaining the weight of gafes, befides 
” reducing them to a mean of a barometrical pref- 
fure, as directed in the preceding feétion, we 
muft likewile reduce them to a ftandard ther- 
mometrical temperature ; becaufe, all elaftic 
fluids being expanded by heat, and condenfed 

by cold, their weight in any determinate volume 
… is thereby liable to confiderable alterations. As 
the temperature of 54.5° is a medium between 
the.heat of fummer and the cold of winter, be- 
ing the temperature of fubterraneous places, and 
that which is moft eafily approached to at all 
-feafons, 1 have chofen that degree as a mean to 
which I reduce air or gas in this fpecies of cal- 
culation. 

Mr de Luc found, that atmofpheric air was 
increafed..?— part of its bulk, by each degree 
of a mercurial thermometer, divided into 8i 
degrees, between the freezing and boiling 
points ; this gives -2- part for each degree of 


214 
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Reaumurs thermometer, which is divided po 
80 degrees between thefe two points ; or —— PR 
part for each degree of Fahrenheits fcale, which 
is divided into 180 degrees between the fame 
fixed points. The experiments of Mr Monge 
feem to make this dilatation lefs for hydrogen 
gas, which he thinks is only dilated = for 


each degree of Reaumur, or 2 for each of 
Fahrenheits degrees We have not any exact 
experiments hitherto publifhed refpecting the 
ratio of dilatation of the other gafes ; but, from 
the trials which have been made, their dilata- 
tion feems to difler little from that of atmo- 
fpheric air. Hence I may take it for granted, till 
farther experiments give us better information 
upon this fubject, that atmofpherical air is dila- 
ted -:— part, and hydrogen gas -1= part for 
each degree of Reaumurs thermometer, or that 
atmofpheric air is dilated ee part, and hydro- 
gen gas = part for each degree on the fcale of 
Fahrenheit ; but, as there is fill great uncertain- 
ty upon this point, we ought always to operate 
in a temperature as near as poflible to the ftand- 
ard of 54.5° ; by this means any errors in cor- 
recting the weight or volume of gafes by redu- 
cing them to the common ftandard, will become 

of little moment. 
The calculation for this correction is ex- 
tremely eafy. Divide the obferved volume of 
air 
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air by 210, for Reaumurs fcale, or 472.5 for 

that of Fahrenheit, and multiply the quotient by 

the degree of temperature above or below 54.5°. 
This correction is negative when the actual tem- 

perature is above the ftandard, and pofitive when 
below. Bythe ufe of logarithmetical tables, 

this calculation is much facilitated. 


“ SECGT. VII 


Example for calculating the Gorreétions relative to 
tbe variations of Preffure and Temperature. 


GASE. 


In the jar À, PLIV. Fig. 3. ftanding in a 
- water-apparatus, is contained 353 cubical inches 
of air ; the furface of the water within the jar at 
EF is 42 inches above the water in the ciftern, 
the barometer 1s at 27 inches 9: lines, and the 
thermometer at 65.75°. Having burnt a quan- 
tity of phofphorus in the air, by which concrete 
phofphoric acid is produced, the air after the 
combuftion occupies 295 cubical inches, the wa- 
ter within the jar flands 7 inches above that in 

the 
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the ciftern, the barometer is at 27 inches 9% 
lines, and the thermometer at 68°. It is requi- 

red from thefe data to determine the aétual vo- 

lume of air, before and after combuftion, and 

the quantity abforbed during the procefs. 


Calculation before Combuftion. 


* 


The air in the jar before combuftion was 353 
éubical inches, but it was only under a barome: 
trical preflure of 27 inches 02 lines ; which, re- 
duced to decimal fraétions by Tab. I. of the Ap- 
pendix, gives 27.790167 inches; and from this 
we muft deduct the difference of 42 inches of 
water, which, byTab. IL. correfponds to o0.33166 
inches of the barometer ; hence the real preflure 
of the air in the jar is 27.460601. AS$ the vo- 
lue of elaftic fluids diminifhes in the inverté 
râtio of the compreffing weights, we have the 
following ftatement, to reduce the 353 inches to. 
the volume the air would occupy at 28 inches 
barometrical preflure. 


353 : x, the unknown volume, : : 27.46001 : 28. 
Hence, x = UE — 346.192 cubical in- 
ches, which 1s the volume the fame quantity 


of 
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of air would have occupied at 28 inches of the 
barometer. 

The 472.5th part of this corrected volume is 
73247, which, for the 11.25 degrees of tempe- 
rature above the ftandard, gives 8.24 cubical in- 
ches ; and, as this correction is fubtractive, the 
real corrected volume of the air before combuf- 
tion is 337.952 inches. | 


Caculation after Gombuftion. 


By a fimilar calculation upon the volume of 
air after combuftion, we find its barometri- 
cal preflure 27.77083 — 0.515903 = 27.254900. 
Hence, to have the volume of air under the 
preflure 0Ë,28/inches, 205: x :: 27.770833": 28 
295 Asa 


inverfely ; or x= 287280 :"Phe 


‘ 472.5th part of this corrected volume, is .61, 
which, multiplied by 13.5 degrees of thermome- 
trical difference, gives the fubtraétive correction 
for témperature, 8.235, leaving the actual cor- 
rected volume of air after combuftion 278.915 
inches. 


Vo. II. D. Refult. 
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Refult. 


The corredted volume before combuf- 
tion, = - - 337-952 
Ditto, remaining after combuftion, - + 278.915 


Volume abforbed during combuftion, 59.037 


Th 


SECT. VIIL 


Method of determining the Abfolute Gravity of the 
différent Gafes. 


» 


Take a large balloon A, PI. V. Fig. ro. cä- 
pable of holding 17 or 18 pints, or about half à 
cubical foot, having the brafs cap bcde ftrongly 
cemented to its neck, and to which the tube and 
ftop-cock f g is fixed by a tight fcrew. This ap- 
paratus is connected by the double fcrew repre- 
fented feparately at Fig. 12. to the jar BCD 
Fig. 10., which muft be fome pints larger in di- 
menfons than the balloon. This jar is open at 
top, and is furnifhed with the brafs cap b à, and 
the ftop-cock 7m. One of thefe ftop-cocks is 
reprefented feparately at Fig. 17. 

We 
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We firft determine the exact capacity of the 
balloon by filling it with water, and weighing it 
both full and empty. When emptied of water, 
it is dried with a cloth introduced through its 
neck de, and the laft remains of moifture are 
removed by exhaufting.it once or twice in an 
air-pump. 

When the weight of any gas is to be afcer- 
tained, this apparatus is ufed as follows: Fix 
the balloon A to the plate of an air-pump, by 
means ofsthe fcrew of the ftop-cock f g, which is 
left open ; the balloon is to be exhaufted as com- 
pletely as pofible, obferving carefully the de- 
gree of exhauftion by means of the barometer 
attached to the air-pump. When the vacuum is 
formed, the ftop-cock f £ is fhut, and the weight 
of the balloon determined with the moft fcru- 
pulous exactitude. It is then fixed to the jar 
BCD, which we fuppofe placed in water in 
the fhelf of the pneumato-chemical apparatus 
Fig. r.; the jar is to be filled with the gas we 
mean to weigh, and then, by opening the ftop- 
cocks f g and / "1, the gas afcends into the bal- 
loon, whilft the water of the ciftern rifes at the 
fame time into the jar. To avoid very trouble- 
fome correétions, it is neceflary, during this firft 
part of the operation, to fink the jar in the cif- 
tern till the furfaces of the water within and 
without the jar exactly correfpond. The ftop- 
cocks are again fhut, and the balloon, being un- 

D 2 fcrewed 


82 ELEMENTS 


fcrewed from its connection with the jar, is to 
be carefully weighed ; the difference between 
this weight and that of the exhaufted balloon 1s 
the precife weight of the air or gas contained in 
the balloon. Multiply this weight by 1728, the 
number of cubical inches in a cubical foot, and 
divide the produét by the number of cubical 
inches contained in the balloon, the quotient is 
the weight of a cubical foot of the gas or air 
fubmitted to experiment. 
Exa@ account muft be kept of the barometri- 

- calheight and the temperature of the thermome- 
ter during the above experiment ; and from thefe 
- the refulting weight of a cubical foot is eafily 
corrected to the ftandards of 28 inches preflure, 
and 54.5° temperature, as directed in the prece- 
ding feétion. The fmall portion of air remain- 
ing in the balloon after forming the vacuum, 
muft likewife be attended to, and this is eafily 
determined by the barometer attached to the air- 
pump. If that barometer, for inftance, remains. 
at the hundredth part of the height it ftood at 
before the vacuum was formed, we conclude that 
one hundredth part of the air originally contain- 
ed remains in the balloon, and confequently that 
only 22 of gas was introduced from the jar in- 
to the bailoon. 
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Defcription of the ne imeter, Or Apparatus for 
meafuring Caloric. 


HE calorimeter, ot apparatus for meafuring 

the relative quantities of heat contained in 

bodies, was defcribed bÿ Mr de la Place and 

me in the Memoirs of the Academy for 1780, 

p. 355. and from that Effay the materials of this 
chapter are extracted. 

If, after having cooled any body to the freez. 
ing point, it be expofed in an atmofphere of 
88.25°, the body will gradually become heated, 
from the furface inwards, till at laft it acquire 
the fame temperature with the furrounding air. 
. But, if a piece of ice be placed in the fame fitua- 
_ tion, the circumftances are quite different ; it 
does not approach in the fmalleft degree towards 
the temperature of the circumambient air, but 
remains conftantly at 32°, or the temperature of 
melting ice, till the laft portion of ice be com- 
pletely melted. 

This phenomenon is readily explained ; as, 
to melt ice, or reduce it to water, it requires to 
be combined with a certain portion of caloric, 

D 3 the 
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the whole caloric attracted from the furrounding 
bodies, is arrefted or fixed at the furface or ex- 
ternal layer of ice which it is employed to dif- 
folve, and combines with it to form water; the 
next quantity of caloric combines with the fe- 
cond layer to diflolve it inte water, and fo on 
fucceflively till the whole ice be difflolved, or 
converted into water, by combination with calo- 
ric ; the very laft atom ftill remaining at its for- 
mer temperature, becaufe the caloric could ne- 
ver penetrate {o far, while any intermediate ice 

remained to melt, or to combine with. 
Upon thefe principles, if we conceive a hol- 
low fphere of ice at the temperature of 32° 
placed in an atmofphere of 54.5°, and contain- 
ing a fubftance at any degree of temperature 
above.freezing ; it follows, That the heat of the 
external atmofphere cannot penetrate into the 
internal hollow of the fphere of ice; and, That 
the heat of the body which is placed in the hol- 
low of the fphere cannot penetrate outwards b& 
yond it, but will be ftopped at the internal fur- 
face, being continually employed to melt fuc- 
ceffive layers of ice, until the temperature of 
the body be reduced to 32°, by having all its 
fuperabundant caloric above that temperature 
carried of to melt the ice. If the whole wa- 
ter, formed within the fphere of ice during the 
reduction of the temperature of the included 
body to 32°,.be carefully colleéted, the weight 
of 
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of the water will be exactly proportional to the 
quantity of caloric loft by the body, in pafling 
from its original temperature to that of melting 
ice ; for it is evident that a double quantity of 
caloric would bave melted twice the quantity of 
ice. : Hence the quantity of ice melted is a very 
exact meafure of the proportional quantity of 
caloric employed to produce that effect, and 
confequently ofthe quantity loft by the only.fub- 

ftance that could poffibly have fupplied it, 
Ihave made this fuppoñtion, of what would 
take place in a hollow fphere of ice, for the pur- 
pofe of more readilÿ explaining the method ufed 
in this fpecies of experiment, which was firft 
.conceived.by Mr de la Place. It would be dif- 
. ficult to procure fuch fpheres of ice, and incon- 
venient to make ufe of them when got; but, by 
means of the following apparatus, we have re- 
medied, that defe@. I acknowledge the name 
of Calorimeter, which [have given it, as derived 
. partly from Greek and partly from Latin, is in 
fome degree open to criticifm ; but, in matters 
of fcience, a flight deviation from ftri&t etymolo- 
gy, for the fake of giving diftindnefs of idea, is 
exçufable ; and I could not derive the name en- 
türely from Greek without approaching too near 
to the names of known inftruments employed for 

other purpofes. 

The calorimeter is reprefented in PI. VI. It is 
fhown in perfpedive at Fig. 1. and its interior 
D 4 firucture 
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ftru@ure is engraved at Fig. 2. and 3. ; the for- 
mer being a horizontal, and the latter a perpen- 
dicular fe@tion. Its capacity or cavity is di- 
vided into three parts, which, for better diftinc- 
tion, I fhall name the interior, middle, and ex- 
ternal cavities. The interior cavity ff ff, Fig. 4. 
into which the fubftances fubmitted to experi- 
ment are put, is compofed of a grating or cage 
of iron-wire, fupported by feveral iron-bars ; its 
opening or mouth LM"is covered by the lid 
HG, which is compofed of the fame materials. 
The middle cavity b bb b, Fig. 2. and 3. 1s in- 
tended to contain the ice which furrounds the 
interior cavity, and which ïs intended to be 
melted by the caloric of the fubftances employed 
in the experiment. The ice is fupported by 
the grate »" at the bottom of the cavity, 
under which is placed the fieve 27. Thefe 
two are reprefenfed feparately in Fig. 5. and 6. 
In proportion as the ice contained in the 
middle cavity is melted, by the caloric difenga- 
ged from the body placed in the interior cavity,. 
the water runs through the grate and fieve, and 
falls through the conical funnel cc d, Fig. 3. and 
the tube x y, into the receiver F, Fig. 1. This 
water may be retained or let out at pleafure, by 
means of the flop-cock v. The external cavity 
aaaa, Fig. 2. and 3. is filled with ice, to pre- 
vent any effe@ upon the ice in the middle ca- 
vit 
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vity from the heat of the furrounding air, and 
the water produced from it is carried off through 
the pipe ST, which fhuts by means of the ftop- 
cock r. The whole machine is covered by the 
lid FF, Fig. 7. which is made of tin, and paint- 

ed with oil colour, to prevent ruft. 
When this machine is employed, the middle 
cavity db bb, Fig. 2. and 3. the lid GH, Fig. 4. 
_of the interior cavity, the external cavity aa a a, 
Fig. 2. and 3. and the general lid FF, Fig. 7. 
are all filled with pounded ice, well rammed, 
fo that no void fpaces remain, and the ice of the 
middle cavity is allowed to drain. The machine 
is then opened, and the fubftance fubmitted to 
experiment being placed in the interior cavity, 
it is inftantly clofed. After waiting till the in- 
cluded body is completely cooled to the freez- 
ing point, and the whole melted ice has drained 
from the middle cavity, the water collected in 
the veflel F, Fig. 1. is accurately weighed. 
- The weight of the water produced during the 
experiment is an exact meafure of the caloric 
difengaged during the cooling of the included 
body, as this fubftance is evidently in a fimilar 
fituation with the one formerly mentioned as in- 
cluded in a hollow fphere of ice. The whole ca- 
loric difengaged from the included body is ftop- 
ped by the ice in the middle cavity, and that 
ice is preferved from being affected by any other 
heat by means of the ice contained in the gene- 
: ral 
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ral lid, Fig. 7. and in the external cavity. Expe- 
riments of this kind generally laft from fifteen to 
twenty hours, but they are fometimes accele- 
rated by covering up the fubftance in the interior 
cavity with well-drained ice, which haftens its 
cooling. 

The fubftances to be operated upon are placed 
in the thin iron-bucket, Fig. 8. the cover of which 
has an opening fitted with a cork, into which a 
fmall thermometer is fixed. When we ufe acids, 
or other fluids capable of injuring the metal of 
the inftruments, they are contained in the ma- 
trafs, Fig. 0. which has a fimilar thermometer 
in a cork fitted to its mouth, and which ftands 
in the interior cavity upon the fall cylindrical 
fupport RS, Fig. 10. 

it is abfolutely requifite that there be no com- 
munication between the external and middle 
.cavities of the calorimeter, otherwife the ice 
melted by the influence of the furrounding air, 
in the external cavity, would mix with the wa- 
ter produced from the ice of the middle cavity, 
which would no longer be a meafure of the ca- 
loric loft by the fubftance fubmitted to experi- 
ment. 

When the temperature of the atmofphere is 
only a few degrees above the freezing point, its 
heat can hardly reach the nniddle cavity, being 
arrefted by the ice of the cover, Fig, 7. and of 
the external cavity ; but if the temperature of 

the 
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the air be under the degree of freezing, it might 
cool the ice contained in the middle cavity, by 
caufing the ice in the external cavity to fall, in 
the firft place, below 32°. It is therefore eflen- 
tial that this experiment be carried on in a tem- 
perature fomewhat above freezing : Hence, ‘in 
time of froft, the calorimeter muft be kept in an 
apartment carefully heated. It is likewife necef- 
fary that the ice employed be not under 32°, for 
which purpole it muft be pounded, and fpread 
out thin for fome time, ina place where the 
temperature is higher. 

Tbe ice of the interior cavity always retains a 
certain quantity of water adhering to its furface, 
which may be fuppofed to belong to the refult of 
the experiment ; but as, at the beginning of each 
experiment, the ice is already faturated with as 
much water as it can contain, if any of the wa- 
ter produced by the caloric fhould remain attach- 
ed to the ice, it is evident, that very nearly an 
. equal quantity of what adhered to it before the 
experiment muit have run down into the veffel 
Finits ftead ; for the inner furface of the ice 
in the middle cavity is very little changed du- 
ring the experiment. 

By any contrivance that could be devifed, we 
could not prevent the accefs of the external air 
into the interior. cavity, when the atmofphere 
Was at 52° or 54°. The air confined in the ca- 
vity being in that cafe fpecifically heavier than 

the 
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‘the external air, efcapes downwards through the 
pipe x y, Fig. 3. and is replaced by the warmer 
external air, which, giving out its caloric to the 
ice, becomes heavier, and finks in its turn ; thus, 
a current of air is formed through the machine, 
which is the more rapid in proportion as the ex- 
ternal air exceeds the internal in temperature. 
This current of warm air muft melt a part of 
the ice, and injure the accuracy of the experi- 
ment. We may, ina great degree, guard againft 
this fource of error, by keeping the ftop-cock 
continually fhut, but it is better to operate only 
when the temperature of the external air does 
not exceed 39°, or at moft 41°, for we have ob- 
ferved, that, in this cafe, the melting of the in- 
terior ice by the atmofpheric air is perfe@ly in- 
fenfible; fo that we may anfwer for the accura- 
cy of our experiments upon the fpecific heat of 
bodies to a fortieth part. 

We have had two of thefe machinés made ; 
one, which is intended for fuch experiments 
as do not require the interior air to be re- 
newed, is formed precifely according to the de- 
fcription here given ; the other, which anfwers 
for experiments upon combuftion, refpiration, 
&c. in which frefh quantities of air are indif- 
penfably neceflary, differs from the former in ha- 
ving two fmall tubes in the two lids, by which 
a current of atmofpheric air may be blown into 
the interior cavity of the machine. 

It 
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It is extremely eafy, with this apparatus, to 
determine the phenomena which occur in ope- 
rations where caloric is either difengaged or ab- 
forbed. If we wifh, for inftance, to afcertain 
the quantity of caloric which is difengaged from 
a folid body in cooling a certain number of de- 
grees ; let its temperature be firft raifed to 212°, 
it is then placed in the interior cavity ffff, 
Fig. 2. and 3. of the calorimeter, and allowed 
to remain till we are certain that its tempera- 
ture is reduced to 32°; the water produced by 
melting the ice during its cooling is collected, 
and carefully weighed ; and this weight, divided 
by the volume of the body fubmitted to experi- 
ment, and multiplied into the degrees of tempe- 
yature which it had above 32° atthe commence- 
ment of the experiment, gives the proportion 
of what the Englifh philofophers call fpecific 
heat. 

, Fluids are contained in proper veflels, whofe 

fpecific heat has'been previoufly afcertained, and 
‘are operated upon in the machine in the fame 
manner as direéted for folids, taking care to de- 
dut, from the quantity of water melted during 
the expériment, the proportion which belongs to 
the fpecific heat of the containing veffel, 

If the quantity of caloric difengaged during 
the combination of different fubftances, is to be 
determined, thefe fubftances are to be previouf- 
ly reduced to the freezing degree by keeping 

| them 
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them à fufficient time furrounded with pounded 
ice ; the mixture is then to be made in the inner 
_cavity of the calorimeter, in a proper veflel like- 
wife reduced to 32° ; and they are kept inclofed 
‘till the temperature of the combination has re- 
turned to the fame degree : The quantity of wa- 
tér produced is a meafure of the caloric difenga- 
ged during the combination. 

To detérmine the quantity of caloric difen- 
gaged during combuftion, and during animal 
refpiration, the combuftible bodies are burnt, or 
the animals are made to breathe, in the inte- 
rior cavity, and the water produced is carefully 
colleéted. Guinea pigs, which refift the effects 
of cold extremely well, are well adapted for this 
experiment. As the continual renewal of air 
is abfolutely neceffary in fuch experiments, we 
blow frefh air into the intérior cavity of the ca- 
lorimeter by means of a pipe deftined for that 
purpofe, and allow it to efcape through another 
pipe of the fame kind ; and that the heat of this 
air may not produce errors in the refults of the 
experiments, the tube which conveys it into the 
machine is made to pafs through pounded. ice, : 
that it may be reduced to 32° before it arrives at 
the calorimeter. The air which efcapes muft 
likewife be made to pafs through a tube fur- 
rounded with ice, included in the intérior cavi- 
ty of the machine, and the water which is there 
produced muft make a part of what is colleéted, 

becaufe 
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becaüfe the calotic difengaged from this air is 
part of the product of the experiment. 

_ Jtis fomewhat more difficult to determine the 

fpecific caloric contained in the different gafes, : 

on account of their fmall degree of denfity ; for, 
if they are only placed in the calorimeter in 
vellels like other fluids, the quantity of ice melt- 
éd is fo fmall, that the refult of the experiment 
becomes at beft very uncertain. For this fpecies 
of experiment we have contrived to make the 
air pafs through tWo meétallic worms, of fpiral 
tubes ; oné of thefe, through which thé air paf- 
fes, and becomes héated in its way to the calo- 
rimeter, is contained in a véflel full of boiling 

water, and the other, through which the air cir- 

culates within the calorimetér to diféngage its. 

caloric, is placed in the interior cavity, ff ff, of 
that machine. By means of a fmall thérmome- 
ter placed at one end of the fécond worm, the 
temperature of the air, as it énters the calort- 

meter,.is determined, and its témperature in 
getting out of the interior cavity is found by an- 
other thermometer placed at the other end of 

the worm. By this contrivance we are enabled 

to afcertain the quantity of ice melted by déter- 
minate quantities of air or gas, while lofing a 

certain number of dègrees of temperature, and, 

confequently, to determine their feveral degrees 

of fpecific caloric. The fame apparatus, with 

forme particular precautions, may be employed 

S to 
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to afcertain the quantity of caloric difengaged 
by the condenfation of the vapours of different 
liquids. 

The various experiments which may be made 
with the calorimeter do not afford abfolute con- 
clufions, but only give us the meafure of rela- 
tive quantities ; we have therefore to fix a unit, 
or ftandard point, from whence to form a fcale 
of the feveral refults. ‘The quantity of caloric 
neceffary to melt a pound of ice has been chofen 
as this unit ; and, as it requires a pound of water 
of the temperature of 167° to melt a pound of 
ice, the quantity of caloric exprefled by our unit 
or ftandard point, is what raifes a pound of wa- 
ter from 32° to 167°. When this unit is once 
determined, we have only to exprefs the quan- 
tities of caloric difengaged from different bodies, 
by cooling a certain number of degrees, in ana- 
logous valugs : The following is an eafy mode of 
calculation for this purpofe, applied to one of 
our earlieft experiments. 

We took 7 lb. 11 02. 2 gros 36 grs. of plate- 
iron, cut into narrow flips, and rolled up, or 
exprefling the quantity in decimals, 77070319 
lbs. Thefe being heated in a bath of boiling 
water to about 207.5°, were quickly introdu- 
ced into the interior cavity of the calorimeter : 
At the end of eleven hours, when the whole 
quantity of water melted from the ice had tho- 
roughly drained off, we found that 1.109705 
| pounds 
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pounds of ice were melted. Hence, the caloric 
difengaged from the iron by cooling 175.5° ha- 
ving melted 1.109795 pounds of ice, How much 
would have been melted'bÿ cooling 135° ? This 
queftion gives the following ftatement in direét 
proportion, 175.5 : 1.109795 : : 135: x20.85 334. 
Dividing this quantity by the weight of the 
whole iron employed, viz. 7.7079319, the quo- 
tient o.1100 is the quantity of ice which would 
have been melted by one pound of iron while 
‘cooling through 135 degrees of temperature. 

Fluid fubftances, fuch as fulphuric and nitric 
acids, &c. are Contained ih à matrafs, PL VI. 
Fig. 9. having a thermometer adapted to the 
cork, with its bulb immerfed in the liquid. The 
matrafs is placed in a bath of boiling water, and 
when, from thethermometer, we judgethe liquid 
is raifed-to a proper temperature, the maätrafs is 
placed in the calorimeter. The calculation of the 
produds, to determine the fpecific caloric of thefe 

fluids, is made as above directed, taking care to 
 deduét from the water obtained the quantity 
which would have béen produced by the matrafs 
alone, which muft be afcertained by à prévious 
experiment, The table ofthe refults obtained by 
thefe experiments is omitted, becaufe not yet fuf- 
ficientlÿ complete, different circumftances having 
occañoned the feries to be interrupted : it is not, 
however, Loft fight of; and we are lefs or more 
employed updh the fubjet every winter. 

Voz. II. E CH AP. 
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CHAP. IV. 


Of Mechanical Operations for the Divifion of 
Bodies. | 


ASE SI OR 


Of Trituration, Levigation, and Pulverization. 


| 4 'HESE are, properly fpeaking, only préli- 


minary mechanical operations for dividing 
and feparating the particles of bodies, and redu- 
cing them into very fine powder. Thefe ope- 
rations can never reduce fubftances into their 
primary, or elementary and ultimate particles ; 
they do not even deftroy the aggregation of bo- 
dies ; for every particle, after the moft accurate. 
trituration, forms a fmall whole, refembling the 
original mafs from which it was divided. The 
real chemical operations, on the contrary, fuch 
as folution, deftroy the aggregation of bodies, 
and feparate their conftituent and integrant par- 
ticles from each other. . 
Brittle 
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Brittle fubftances are reduced to powder by 
means of peftles and mortars. Thefe are of 
brafs or iron, PI I. Fig. 1.; of marble or gra- 
nite, Fig. 2.; of lignum vitæ, Fig. 3.3; of glafs, 
Fig. 4. ; ofagate, Fig. 5. ; or of porcelain, Fig, 6. 
The peftles for each of thefe are reprefented 
‘in the plate, immediately below the mortars 
to which they refpectively belong, and are made 
of hâmmered iron or brafs, of wood, glafs, 
 porcelain, marble, granite, or agate, according 
to the nature of the fubftances they are in- 
tended to triturate. In every laboratory, it is 
requifite to have an affortment of thefe uten- 
fils, of various fizes and kinds : Thofe of por- 
celain and glafs can only be ufed for rubbing 
fubftances to powder, by a dexterous ufe of 
the peftle round the fides of the mortar, as it 
would be eafly broken by reiterated blows of 
the peîtle. 

The bottom of mortars ought to be made in 
form of a hollow fphere, and their fides fhould. 
have fuch a degree of inclination as to make 
the fubftances they contain fall back to the bot- 
tom when the peffle is lifted, but not fo perpen- 
dicular as to colleét them too much together; 
otherwile too large a quantity would get below 
the peftle, and prevent its operation. For this 
realon, likewife, too large a quantity of the fub- 
flance to be powdered ought not to be put inte 
the mortar at one time; and we muft from 

E 2 time 
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time to time get rid of the particles already re. 
duced to powder, by means of fieves to be af. 
terwards defcribed. 

The moft ufual méthod of levigation is byÿ* 
means of flat table ABCD, PL I. Fig. 7. made: 
of porphyry, or fome other ftone of fimilar härd-. 
nefs ; on this the fubftance to be reduced ton 
powder is fpread, and is then bruifed and rub-- 
bed by a muller M, of the fame hard materials, 
the bottom of which is made a fmall portion off 
a large fphere ; and, as the muller tends conti-- 
nually to drive the fubftances towards the fidess 
of the table, a thin flexible knife, or fpatula off 
iron, horn, wood, or ivory, is ufed for bringing® 
them back to the middle of the ftone. 

In large works, this operation is performed! 
by means of large rollers of hard ftone, which 
turn upon each other, either horizontally, in the: 
way of corn-mills, or by one vertical rollerr 
turning upon a flat-ftone. In the above opera-- 
tions, it is often requifite to moiften the fub-- 
ftances a little, 10 tete the fine from 
flying of. 

There are many bodies which cad be re-- 
duced to powder by any of the foregoing me-- 
thods ; fuch are fibrous fubftances, as woods,, 
fuch fubftances as are tough and elaftic, as the: 
horns of animals, elaftic gum, &c. and the mal-- 
leable metals, which flatten under the peftle,, 
inftéad'of,being reduced to powder. For redu-- 

cing, 
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cing the woods to powder, rafps, din PL |, 
Fig. 8. are employed ; files of a finer kind are 
ufed for horn; and ftill finer, PL. L. Fig. 9. and 
10. for metals. 

Some of the metals, though not brittle enough 
to powder under the peftle, are too foft to be 
filed, as they clog the file, and prevent its opera- 
tion. Zinc is one of thefe, but it may be pow- 
dered when hot, in a heated iron mortar, or it 
may be rendered brittle, by alloying it with a 
fmall quantity of mercury. One or other of 
the methods is ufed by fire-work makers for 
producing a blue flame by means of zinc. Me- 
tals may be reduced into grains, by pouring 
them when melted into water, which method : 
ferves very well when they are not wanted in 
fine powder. 

Fruits, potatoes, &c. of à pulpy and fibrous 
nature, may be reduced to pulp by means of the 
grater, PI. IL. Fig.zr. 

. The choice of the different fubftances of which 
thefe inftruments are made is a matter of import- 
ance ; brafs or copper are unfit for operations 
upon fubftances to be ufed as food or in pharma- 
cy ; and marble or metallic inftruments muft 
not be ufed for acid fubftances ; hence mortars 
of very hard wood, and thofe of porcelain, gra- 
nite, or glafs, are of great utility in many ope- 

Jauons. 
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B.E:C M, AL 
Of Sifting and Wafbing Powdered Subflances. 


None of the mechanical operations, employed 
for reducing bodies to powder, is capable of pro- 
ducing it of an equal degree of finenefs through. 
out; the powder obtained by the longeft and. 
moft accurate trituration being füill an affem- 
blage of particles of various fizes. The coarfer. 
of thefe are removed, fo as only to leave the 
finer and more homogeneous particles, by means: 
of fieves, PL I. Fig. 12, 13, 14, 15. of different 
fineneffes, adapted to the particular purpofes: 
they are intended for ; all the powdered matter 

which is larger than the interftices of the fieve 
remains behind, and is again fubmitted to the. 
peftle, while the finer pañles through. The fieve 
Fig. 12. is made of hair-cloth or of filk-gauze ; 
and the one reprefented Fig. 13. is of parch- 
ment pierced with round holes of a proper fize ; 
this latter is employed in the manufaéture of 
gun-powder. When very fubtile or valuable 
materials are to be fifted, which are eañly 
difperfed, or when the finer parts of the powder 
may be hurtful, a compound fieve, Fig. 15. is 
made ufe of, which confifts of the fieve ABCD, 
with 
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with a lid EF, and receiver GH ; thefe three 
parts are reprefented as joined together for ufé, 
Fig. 14. 
There is a method of procuring Rai of 
an uniform finenefs, confiderably more accu- 
râte than the fieve; but it can only be ufed 
with fuch fubftances as are not acted upon by 
water. The powdered fubftance is mixed and 
agitated with water, or any other convenient 
fluid ; the liquor is allowed to fettle for a few 
moments, and is then decanted off; the coarfer 
powder remains at the bottom of the veflel, and 
the finer pañles over with the liquid. By re- 
peated decantations in this manner, various fe- 
diments are obtained of different degrees of 
finenefs ; the laft fediment, or that which re- 
mains longeft fufpended in the liquor, being the 
fineft. This procefs may likewife be ufed with 
advantage for feparating fubftances of different 
degrees of fpecific gravity, though of the fame 
. finenefs ; this laft is chiefly employed in mining, 
for feparating the heavier metallic ores from the 
lighter earthy matters with which they are mix- 
ed. | 
In chemical laboratories, pans and jugs of glafs 
or earthen ware, are employed for this operation; 
fometimes for decanting the liquor without dif- 
turbing the fediment, the glafs fyphon ABCHIT, 
PI. IL. Fig. 11. is ufed, which may be fupported 
by means of the perforated board DE, at the 
E 4 proper 


jé ELEMENTS 


proper depth in the veflel FG, to draw off all 
the liquor required into the receiver LM. The 
principles and application of this ufeful in- 
ftrumént are fa well known, as to need no ex- 
planation. 


D PO D IE 


Of Filtration. 


À filtre ïs a fpecies of very fine fieve, which ÿ 
pérmeable to the particles of fluids, but through 
which the particles of the fineft powdered folids 
_ are incapable of pafling ; hence its ufe in fepara- 
ting finé powders from fufpenfion in fluids. In 
pharmacy, very clofe and fine woollen cloths are 
chiéfly ufed for this operation ; thefe are com- 
monly formed in a conical fhape, PI. II. Fig. 2. 
which has the advantage of uniting all the liquor 
whieh drains through into a point À, where it 
may be readily colleted in à narrow-mouthed 
veffel. In large pharmaceutical laboratories, this 
filtering bag is fretched upon a wooden-ftand, 
POI RRT 

For the purpofes of chemiftry,.as it is requi- 
fite to have the filtres perfectly clean, unfized 
paper is ARTS inftead of cloth or flannel : 


through 
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through this fubftance, no folid body, however 
finely it be powdered, can penetrate, and fluids 
percolate through it with the greateft readinefs. 
As paper breaks eañly when wet, various me- 
thods of fupporting it are ufed according to cir- 
cumftances. When a large quantity of fluid is 
to be filtrated, the paper is fupported by the 
frame of wood, PI. IL. Fig. 3. ABCD, having a 
piece of coarfe cloth firetched over it, by means 
of iron-hooks. This cloth muft be well cleaned 
each time it is ufed, or even new cloth muft be 
employed, if there is reafon to fufpect its being 
impregnated with any thing which can injure the 
fubfequent operations. In ordinary operations, 
where moderate quantities of fluid are to be fil- 
trated, different kinds of glafs-funnels are ufed 
for fupporting the paper, as reprefented PI. II. 
Fig. 5, 6, and 7. When feveral filtrations muft 
be carried on at once, the board or fhelf AB, 
Fig. 9. fupported upon fiands C and D, and : 
pierced with round holes, is very convenient for 
‘containing the funnels. 

Some liquors are fo thick and clammy, as 
not to be able to penetrate through paper with- 
out fome previous preparation, fuch as clarifica- 
tion by means of white of eggs, which, being 
mixed with the liquor, coagulates when brought 
to boil, and entangling the greater part of the 
impurities of the liquor, rifes with them to the 
{urface in the ftate of fcum. Spirituous and vi. 

nous 
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nous liquors may be clarified in the fame man- 
ner by means of ifinglafs diffolved in water, 
which coagulates by the action of the alcohol 
without the affiftance of heat. | 

As moft of the acids are produced by diftilla- 
tion, and are confequently clear, we have rarely 
any occafion to filtrate them ; but if, at any time, 
concentrated acids require this operation, it is im- 
poffible to employ paper, which would be corro- 
ded and deftroyed by the acid. For this purpofe, 
pounded glafs, or rather quartz or rock-cryftal, 
broke in pieces, and grofsly powdered, anfwers 
very well ; a few of the larger pieces are put in 
the neck of the funnel, thefe are covered with 
“the fmaller pieces, the finer powder is placed over 
all, and the acid is pouredon at top. Forthe 
ordinary purpofes of fociety, river-water is fre- 
quently filtrated by means of clean-wafhed fand, 
to feparate its impurities, or by means of certain 
porous ftones, called filtering ftones, cut into a 
convenient form. | 


SECRETS 


Of Decantation. 


This operation is often fubftitüted, inftead of 


filtration, for feparating folid particles which are 
diffufed 
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diffufed through liquors. Thefe are allowed to 
fettle in conical veffels, ABCDE, PI. IL. Fig. ro. 
the diffufed matters gradually fubfide, and the 
clear fluid is gently poured off. If the fediment 
be extremely light, and apt to mix again with the 
fluid by the flighteft motion, the fyphon, Fig. 11. 
is ufed, inftead of decantation, for drawing of 
the clear fluid. | 

In experiments, where the weight of the pre- 
cipitate muft be rigoroufly afcertained, decanta- 
tion is preferable to filtration, providing the pre- 
cipitate be feveral times wafhed in a confider- 
able proportien of water. The weight of the 
precipitate may indeed be afcertained, by care- 
fully weighing the filtre before and after the’ 
operation ; but, when the quantity of precipi- 
tate is fmall, the different proportions of moi- 
fture retained by the paper, in a greater or leffer 
degree of exficcation, may prove a material 
fource of error, which ought carefully to be 
guarded againft. 


CH A P. 
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GH AP. : V. 


Of Chemical Means for feparating tbe Particles of 
* Bodies from each other, without Decompofition, 
and for umting them again. 


Have already fhewn that there are two me- 

thods of dividing the particles of bodies, the 
mechanical and chemical. ‘The former only fe- 
parates à folid mafs into a great number of 
fmaller mafles ; and for thefe purpofes various 
fpécies of forces are employed, according to cir- 
cumftances, fuch as the ftrength of man or of 
animals, the weight of water applied through 
the means of hydraulic engines, the expanfve 
power of fteam, the force of the wind, &c. By 
all or any of thefe mechanical powers, however, 
we can never reduce fubftances into powder be- 
youd a certain degree of finenefs ; and the fmall- 
eft particle produced in this way, though it feems 
very minute to our organs, 15 full in fat a moun- 
tain, «hen compared with the ultÿnate elemen- 
tary particles of the pulverized fubftance. 

The chemical agents, on the contrary, divide 
bodies into their primitive particles. If, for in- 
flance, a neutral falt be aéted upon by thefe, it 
is divided, as far as is poflible, without ceafing 

ta 
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to be a neutral falt. ‘In this Chapter, I mean to 
give examples of this kind of divifion of bodies, 
to which Î fball add fome account of the rela- 
tive operations. 


S'ENCGPFE SE 


Of the Solution of Salts. 


In chemical language, the terms of /oution 
and diffolution have long been confounded, and 
have very improperly been indifcriminately em- 
ployed for exprefling both the divifion of the 
particles of à falt in a fluid, fuch as water, and 
the divifion of a metai in an acid. A few re- 
fleétions upon thé effects of thefe two opera- 
tions will fuflice to fhow that they ought not 
to be confounded together. In the folution of 
falts, the faline particles are only feparated from 
each other, while neither the falt nor the water 
are at all decompofed ; for we are able to recover 
both the one and the other in the fame quantity 
as before theoperation. The fame thing takes 
place in the folution of refins in alcohol. Du- 
ring metallic diflolutions, on the contrary, a 
decompofition, either of the acid, or of the wa- 
ter which dilutes it, always takes place; the 


metal combines with oxygen, and is changed 
into 


78 ELEMENTS 


into an oxyd, and à gafeous fubftance is difen- 
gaged ; {o that in reality none of the fubftan- 
ces employed remain, after the operation, in the 
fome ftate they were in before. This article is 
entirely confined to the confideration of folu- 
tion. 

To underftand properly what takes place du- 
ring the folution of falts, it is neceflary to know, 
that, in moft of thefe operations, two diftinét 
effects are complicated together, viz. folution by 
_ water, and folution by caloric ; and, as the ex- 
planation of moft of the phenomena of folution 
depends upon the diftinétion of thefe two cir- 
cumftances, I fhall enlarge a little upon their na- 
ture. 

Nitrat of potafh, ufually called nitre or falt- 
petre, contains very little water of cryftalliza- 
tion, pérhaps even none at all; yet this falt li- 
quefies in a degree of heat very little fuperior to 
that of boiling water. This liquefaction cannot 
| therefore be produced by means of the water of 
cryftallization, but in confequence of the falt be- 
ing very fufible in its nature, and from its pafling 
from the folid to the liquid ftate of aggregation, 
when but a little raifed above the temperature of 
boiling water. All falts are in this manner fuf. 
ceptible of being liquefied by caloric, but in 
higher or lower degrees of temperature. Some 
of thefe, as the acetites of potafh and foda, li- 


quefy with a very moderate heat, while others, 
. as 
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as fulphat of potafh, or of lime, &c. require the 
ftrongeft fires we are capable of producing. Fhis 
liquefaction of falts by caloric produces exactly 
the fame phenomena with the melting-of ice; it 
is accomplifhed in each falt by a determinate de- 
gree of heat, which remains invariably the fame 
during the whole time of the liquefaétion. (Ca- 
loric is employed, and becomes fixed during the 
melting of the falt, and is, on the contrary, dif- 
engaged when the falt coagulates. Thefe are 
general phenomena, which univerfallÿ occur du- 
ring the paffage of every fpecies of fubftance 
from the folid to the fluid ftate of aggregation, 
and from fluid to folid. 

“Thefe phenomena, arifing from folution by 
caloric, are always lefs or more conjoined with 
thofe which take place during folutions in water. 
We cannot pour water upon a falt, on purpofe 
to diffolve it, without employing a compound 
folvent, both water and caloric; hence we may 
diftinguifh feveral different cafes of folution, ac- 
cording to the nature and mode of exiftence of 
each falt. If, for inftance, a falt be difficultly 
foluble in water, and readily fo by caloric, it 
evidently follows, that this falt will be fcantily 

_toluble in cold water, and confiderably in hot 
water ; fuch is nitrat of potafh, and more efpe- 
cially oxygenated muriat of potafh. If another 
falt be little foluble both in water and caloric, 
the difference of its folubility in cold and warm 
watez 


So ELEMENTS 


water will be very inconfidéerable ; fulphat of 
lime isof this kind. From thefe confiderations, 
it follows, that there is a neceflary relation be: 
tween the following circumftances ; the folubili: 
ty of a falt in cold water, its folubility in boil: 
ing water, and the degree of temperature at 
which the fame falt liquefies by caloric, unaffifted 
by water; and that the difference of folubility 
in hot and cold water is fo much greater in pro: 
portion to its ready folution in caloric, or in:pro- 
portion to its fufceptibility of liquefying in a low 
degree of temperature. 

The above is a general view of folution ; bat, 
for want of particular facts, and fufficiently ex- 
act experiments, itis {till nothing more than an 
approximation towards a particular theory. The 
means of completing this part of chemical fcience 
is extremely fimple; we have only to afcer- 
tain how much of each falt is diflolved by a cer- 
tain quantity of water at different degrees of 
temperature ; and as, by the experiments pu- 
blifhed by Mr de la Place and me, the quantity 
of caloric contained in a pound of water at each 
degree ofthe thermometer is accurately known, 
it will be very eafy to determine, by fimple ex- 
periments, the proportion of water and caloric 
required for folution by each falt, what quanti- » 
ty of caloric is abforbed by each at the moment 
of liquifaétion, and how much is difengaged at 
the moment of cryftalization. Hence the reafon 

why 
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why falts are more rapidly foluble in hot than 
in cold water is perfe@tly evident. In all foiu- 
tions of falts, caloric is employed ; when that is 
furnifhed intermediately from the furrounding 
bodies, it. can only arrive flowly to the falt; 
whereas chis is greatly accelerated when the re- 
quifite caloric exifts ready combined with the 
water of folution. 

In general, the fpecific gravity of water is aug- 
mented by holding falts in folution ; but there 
are fome exceptions to the rule. Some time 
hence, the quantities of radical, of oxygen, and 
of bale, which conftitute each neutral falt, the 
quantity of water and caloric neceflary for folu- 
tion, the increafed fpecific gravity communicated 
to water, and the figure of the elementary parti- 
cles of the cryftals, will all be accurately known. 
From thefe all the circumitances and phenomena 

ofcryftallization will be explained, and by thefe 

means this part of chemiftry will be completed. 
Mr Seguin has formed the plan of a thorough 
inveftigation of this kind, which he is extremely 
capable of executing. ; 

The folution of falts in water requires no par- 

ticular apparatus ; {mall glafs-phials of different 
fizes, PL. IL. Fig. 16. and 17. pans of earthen- 
. ware, À, Fig. 1. and 2. long-necked matraffes, 
Fig. 14. and pans or bafons of copper or.of fil- 
Ver, Fig. 13. and 15. anfwer very well for thefe 
operations. 

Voz. II. F SECT,. 
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SECT.. Il 


* Of Lixiviation. 


This is an operation ufed in chemiftry and 
manufatures for feparating fubftances which are 
foluble in water from fuch as are infoluble. The 
large vat or tub, PI. II. Fig. 12. having a hole 
D near its bottom, containing a wooden-fpigot 
and foffet, or metallic ftop-cack DE, is generally 
ufed for this purpofe. A thin ftratum of ftraw 
is placed at the bottom of the tub ; over this, 
the fubftance to be lixiviated is laid and covered 
by a cloth, then hot or cold water, according to 
the degree of folubility of the faline matter, is 

_poured on. When the water is fuppofed to have 
diflolved all the faline parts, it is let aff by the. 
ftop-cock ; and, as fome of the water charged 
with falt neceffarily adheres to the firaw and in- 
foluble matters, feveral frefh quantities of water 
âre poured on. The ftraw ferves to fecure a: 
proper pañlage for the water, and may be com-. 
pared to the ftraws or glafs rods ufed in filtra-. 
ting, to keep the paper from touching the fides: 
of the funnel. The cloth which is laid over the: 
matters under lixiviation prevents the water fromi 

making; 
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making a hollow in thefe fubftances where it is 
poured on, through which it might efcape with- 
out acting upon the whole mafs. 
This operation is lefs or more imitated in che- 
mical experiments ; but as in thefe, efpecially 
with analytical views, greater exactnefs is re- 
.quired, particular precautions muft be employed, 
fo as not leave any faline or foluble part in the 
 refiduum. More water muft be employed than 
in ordinary lixiviations, and the fubftances ought 
to be previoufly ftirred up in the water before 
the clear liquor is drawn off, otherwife the whole 
mafs might not be equally lixiviated, and fome 
parts might even efcape altogether from the ac- 
tion of the water. We muft likewife employ 
frefh portions of water in confiderable quantity, 
until it comes off entirely free from falt, which 
we may afcertain by means of the hydrometer 
formerly defcribed. 
Ifexperiments with fmall quantities, this ope- 
ration is conventently performed in jugs or ma- 
trafles of glaf, and by filtrating the liquor 
through paper in a glafs-funnel. When the fub- 
ftance is in larger quantity, it may be lixiviated 
in a kettle of boiling water, and filtrated through 
“paper fupported by cloth in a wooden frame, 
PI. IL. Fig. 3. and 4.; and operations in the 


large way, the tub already mentioned muft be 
ufed. 


F 2 SEC”. 


ba ai ELEMENTS 


n E GES TETr, 


Of Evaporation. 


This operation is ufed for feparating two fub- 
ftances from each other, of which one at leaft 
muft be fluid, and whofe degrees of volatility are 
confiderably different. By this means we obtain 
‘a falt, which has been diflolved in water, in its 
concrete form ; the water, by heating, becomes 
combined with caloric, which renders it volatile, 
while the particles of the falt being broughtnear- 
er to each other, and within the fphere of their 
mutual attraction, ünite into the folid ftate. 

As it was long thought that the air had great 
influence upon the quantity of fluid evaporated, 
it will be proper to point out the errors which 
this opinion has produced. There certainly is 
a conftant flow evaporation from fluids expofed 
to the free air; and, though this fpecies of eva- 
poration may be confidered in fome degree as a 
folution in air, yet caloric has a confiderable in- 
fluence in producing it, as is evident from the 
refrigeration which always accompanies this pro 
cefs ; hence we may confider this gradual eva- 
* poration as a compound folution made partly in 


air, 
\ 
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air, and partly in caloric. But the evaporation 
which takes place from a fluid kept continually 
boiling, is quite different in its nature, and in it 
the evaporation produced by the action of the 
air is exceedingly inconfiderable in comparifon 
with that which is occafioned by caloric. This 
latter fpecies may be termed vaporixation rather 
than evaporation. ‘Fhis procefs is not accelera- 
ted in proportion to the extent of evaporating 
furface, but in proportion to the quantities of 
caloric which combine with the fluid.. Too free 
a current of cold air is often hurtful:to this pro- 
cefs, as it tends to carry off caloric from the wa- 
ter, and confequently retards its converfion into 
vapour. Hence there is no imconvenience pro- 
duced by covering, in a certain degree, the vef- 
fels in which liquids are evaporated by continual 
boiling, provided the covering body be of fuch 
a nature as does not ftrongly draw off the calo- 
ric, or, to ufe an expreflion of Dr Franklins, 
‘provided it be a bad conduétor of heat. In this 
‘cafe, the vapours efcape through fuch opening 
as is left, and at leaft as much is evaporated, 
frequently more than when free accefs is allow- 
ed to the external air. 

As during evaporation the fluid carried of by 
caloric is entirely loft, being facrificed for the 
fake of the fixed fubftances with which it was 
combined, this procefs is only employed where 
the fluid 1s of fmall value, as water, for inftance. 

F2 But, 
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But, when the fluid is of more confequence, we 
have recourfe to diftillation, in which procefs we 
preferve both the fixed fubftance and the volatile 
fluid. The veffels employed for evaporation are 
bafons or pans of copper, filver or lead, PI. II. 
Fig. 13. and 15. or capfules of glafs, porcelain, 
or ftone-ware, PI. II. A, Fig. 1. and 2. PI. III. 
Fig. 3. and 4 The beft utenfils for this pur- 
pofe are made of the bottoms of glafs-retorts and 
matrafles, as their equal thinnefs renders them 
more fit than any other kind of glafs-veflel for 
bearing à brifk fire, and fudden alterations of 
heat and cold, without breaking. 

Asthe method of cutting thefe glafs-veffels is 
no where defcribëd in books, I fhall here give a 
defcription of it, that they may be made by che- 
 mifts for themfelves out of fpoiled retorts, ma- 
traffes, and recipients, at a much cheaper rate 
than any which can be procured from glafs.ma- 
pufa@urers. The inftrument, PL TITI. Fig. 5. con- 
fifting of aniron-ring À C, fixed to the rod A B, 
having a wooden handle D, is employed as fol- 
lows : Make the ring red hot inthe fire, and put 
it upon the matrafs G, Fig. 6. which is to be 
cut; when the glafs is fuficiently heated, throw 
on a little cold water, and it will generally break 
exaétly at the circular line heated by the ring. 

Small flafks or phials of thin glafs are exceed- 
ing good veffels for evaporating fmall quantities 


of fluid ; 5 they are very cheap, and fiand the fire 
remarkably. 
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remarkably. One or more of thefe may be pla. 
ced upon a fecond grate above the furnace, 
PI. 111. Fig. 2. where they will only experience 
a gentle heat. By this means a great number of 
experiments may be carried on at one time. À 
glafs-retort, placed on a fand-bath, and covered 
with a dome of baked earth, PI. III. Fig. r. an- 
_ fwers pretty well for evaporations ; but in this 
way it is always confiderably flower, and is even 
liable to accidents ; asthe fand heats unequally, 
and the glafs cannot dilate in the fame unequal 
manner, the retort is very liable to break. Some- 
times the fand ferves exa@ly the office of the 
iron-ring formerly mentioned ; for, if a fingle 
drop of vapour, condénfed into liquid, happens 
to fall upon the heated part of the vefel, it 
breaks circularly at that place. When a very 
intenfe fire is neceflary, earthen crucibles may 
be ufed; but we generally ufg; the word evapo- 
ration to exprefs what is produced by the tem- 
perature of boiling water, or not much higher. 


F 4 SECT, 
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Of Gryflallization. 


In this procefs the integrant parts of a folid 
body, feparated' from each other by the inter- 
vention of a fluid, are made to exert the mutual 
attraction of aggregation, fo as to coalefce and 
reproduce a folid mafs. When the particles of 
a body are only feparated by caloric, and the 
fubftance is thereby retained in the liquid ftate, 
all that is neceflary for making it cryftallize, is 
to remove a part of the caloric which is lodged 
bétwéen its particles, or, in other words, to cool 
it. If this refrigeration be flow, and the body 
beat the fame tinfé left at reft, its particles af. 
füme à regular arrañgement, and cryftallization, 
properly fo called, takes place; but, if the ré: 
frigeration is made rapidly, or if the liquor be 
agitated at the moment cf its paffage to the con- 
crete ftate, the cryftallization is irregular and 
confufed. 

The fame phenomena occur with watery folu- 
tions, or rather in thofe made partly in water, 
and partly by caloric. So long as there remains 
a fufficiency of water and caloric to keep the 
particles of the body afunder beyond the fphere 

| of 
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of their mutual attraction, the falt remains in 
the fluid ftate; but whenever either caloric or 
water is not prefent in fufficient quantity, and 
the attraction of the particles for each other be- 
comes fuperior to the power which keeps them 
afunder, the falt recovers its concrete form, and 
the cryftals produced are the more regular in 
proportion as the evaporation has been flower 
and more tranquilly performed. 

All the phenomena we formerly mentioned 
as taking place during the folution of falts, oc- 
eur in a contrary fenfe during their cryftalliza-. 
tion. Caloric is difengaged at the inftant of 
their affuming the folid ftate, which furnifhes 
an additional proof of falt being held in folu- 
tion by the compound ation of water and ca- 
loric. Herice to caufe faïts to cryftallize which 

_readily liquefy by means of calorie, it is not fuf- 
ficient to carry off the water which held them 
in folution, but the caloric united to them muft 
likewife be removed. : Nitrat of potafh, oxyge- 
“nated muriat of potafh, alum, fulphat of foda, 
&c. are examples of this circumfitance, as, to 
make thefe falts cryftallize, refrigeration muft be 
added to évaporation. Such falts, on'the con- 
. trary, as require little caloric for being kept in 
“olution, and which, from that cireumitance, 
are almoft .equally foluble in cold and warm 
Water, are cryftallizable by fimply carrying off 
the water which holds them in folution, and 

; even 
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even recover their folid ftate in boiling water ; 
fuch are fulphat of lime, muriat of potafh and of 
foda, and feveral others. 

The art of refining faltpetre depends upon 
thefe properties of falts, and upon their different 
degrees of folubility in hot and cold water. This 
falt, as produced in the manufaétories by the 
firft operation, is compofed of many different 
falts ; fome are deliquefcent, and not fufceptible 
of being cryftallized, fuch as the nitrat and mu- 

_ riat of lime; others are almoft equally foluble 
in hot and cold water, as the muriats of potafh 
and of foda ; and laftly, the faltpetre, or nitrat 
of potafh, is greatly more foluble in bot than it 
is in cold water. The operation is begun by 
pouring upon this mixture of falts, as much wa- 
ter as will hold even the leaft foluble, the mu- 
riats of foda and of potafh, in folution ; fo long 
as it 1s hot, this quantity readily diflolves ali the 
faltpetre, but upon cooling, the greater part of 

#*his falt cryftallizes, leaving about a fixth part 
remaining diflolved, and mixed with the nitrat 
of lime and the two muriats The nitre obtain- 
a by this procefs is ftill fomewhat impregnated. 
with other falts, becaufe it-has been cryftallized 
from water in which thefe abound: It is com- 
pletely purified from thefe by a fecond folution 
in à fmall quantity of boiling water ‘and fecond 
cryftallization: The water remaining after thefe 
cryftallizations of nitre is fill Loaded with a mix- 
ture 
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ture of faltpetre, and other falts ; by farther eva- 
poration, crude faltpetre, or rough-petre, as the 
workmen call it, is procured from it, and this 
is purified by two frefh folutions and cryftalliza- 
tions. 

The deliquefcent earthy falts which do not 
contain the nitric acid are rejeéted in this ma- 
nufaéture ; but thofe which confift of that acid 
neutralized by an earthy bafe are diflolved in 
water, the earth is precipitated by means of pot- 
afh, and allowed to fubfide ; the clear liquor is 
then decanted, evaporated, and allowed to cryf- 
tallize. ‘The above management for refining 
faltpetre may ferve as a general rule for fepa- 
rating falts from each other which happen to 
be mixed together. The nature of each muft 
be confidered, the proportion in which each dif- 
folves in given quantities of water, and the dif- 
ferent folubility of each in hot and cold water. 
If to thefe we add the property which fome falts 
poflefs, of being foluble in alcohol, or in a mix- 

‘ture Gf alcohol and water, we have many re- 
fources for feparating falts from each other by 
means of cryftallization, though it muft be al- 
. Jowed, that it is extremely difficult to render this 
. feparation perfely complete. 

The veflels ufed for cryftallization are pans 
of earthen ware, À, PI. Il. Fig. 1. and 2. añd 
large flat-difhes, PI. III. Fig. 7. When a faline 
folution is to be expofed to a flow evaporation 

in 
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in the heat of the atmofphere, with free accefs of 
air, veflels of fome depth, Plate Lil. Fig. 3. muft 
be employed, that there may be a confiderable 
body of liquid ; by this means the cryftals pro- 
duced are of confiderable fize, and remarkably 
regular in their figure. 

Every fpecies of falt cryftallizes in a peculiar 
form, and even each falt varies in the form of 
its cryftals, according to circumftances, which 
take place during cryftallization. We muft not 
from thence conclude, that the {aline particles of 
each fpecies are indeterminate in their figures : 
The primitive particles of all bodies, efpecially 
of falts, are perfectly conftant in their fpecific 
forms ; but the cryftals which form in our ex- 
periments are compofed of congeries of minute 
particles, which, though perfeétly equal in fize 
and fhape, may aflume very diffimilar arrange- 
ments, and confequently produce a vaft variety 
of regular forms, which have not the fmalleft 
apparent refemblance to each other, nor to the 
original cryftal. This fubje® has been very ably 
treated by the Abbé Haüy, in feveral memoirs 
prefented to the Academy, and in his work up- 
on the ftructure of cryftals : It is only neceflary 
to extend generally to the clafs of falts the prin- 
ciples he has particularly applied to fome cry- 
ftallized ftones. 
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: SEE TiiV. 
Of Simple Diflillation. 


As diftillation has two diftin& objeds to ac- 
complifh, it is divifible into fimple and com- 
pound ; and, in this fettion, Î mean to confine 
mylelf entirely to the former. When two bo- 
dies, of which one is more volatile than the 
other, or has more affinity to caloric, are fub- 
mitted to difillation, our intention is to fepa- 
raté them from each other: The more volatile 
fubftance aflumes the form of gas, and is after- 
wards condenfed by refrigeration in proper vef- 
fels. Inthis cafe diftillation, like evaporation, 
becomes a fpecies of mechanical operation, which 
feparates two fubftances from each other without 
.decompofng or altering the nature of either. In 
 evaporation, our only objeét is to preferve the 
fixed body, without paying any regard to the 
volatile matter ; whereas, in diftillation, our prin- 
cipal attention is generally paid to the volatile 
fubftance, unlefs when we intend to preferve 
both the one and the other. Hence, fimple di- 
flüillation is nothing more than evaporation pro- 
duced in clofe veffels, | 

The moft fimple diftilling veflel is a fpecies 

of 
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of bottle or matrafs, À, PI. III. Fig. 8. which has 
been bent from its original form BC to BD, and 
is then called a retort ; when ufed, it is pla- 
ced either in a reverberatory furnace, PI. XIII. 
Fig. 2. or in a fand-bath under a dome of baked 
earth, PL III. Fig. 1. To receive and condenfe 
the produ@s we adapt a recipient, E, PI. III. 
Fig. 0. which is luted to the retort. 

Sometimes, more efpecially in pharmaceutical 
operations, the glafs or ftone ware cucurbit, A, 
with its capital B, PI. IIL. Fig. 12. or the glafs 
alembic and capital, Fig. 13. of one piece, 1s 
employed. This latter is managed by means of 
a tubulated opening T, fitted with a ground 
ftopper of cryftal ; the capital, both of the cu- 
curbit and alembic, has a furrow or trench, rr, 
intended for conveying the condenfed liquor 
into the beak rS, by which it runs out. As, 
in almoft all diftillations, expanfive vapours are 
produced, which might burft the veffels employ- 
ed, we are under the neceflity of having a fmall 
hole, T, Fig. 9. in the balloon or recipient, 
through which thefe may find vent ; hence, in 
this way of diftilling, all the produéts which are 
permanently aëriform are entirely loft, and even 
fuch as difficultly lofe that ftate have not fufficient 
fpace to condenfe in the balloon : This appara. 
tus is not, therefore, proper for experiments of 
invefligation, and can only be admitted in the 
ordinary operations of the laboratory or -in 

pharmacy. 
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pharmacy. In the article appropriated for com- 
pound diftillation, I fhall explain the various 
methods which have been contrived for prefer- 
ving the wholeiprodu@s from bodies in this pro- 
cefs. | 

As glafs or earthen veflels are very brittle, 
and do not readily bear fudden alterations of 
heat and cold, every well-regulated laboratory 
ought to have one or more alembics of metal 
for diftilling water, fpiritous liquors, effential 
oils, &c. This apparatus confifts of a cucurbit 
and capital of tinned copper or brafs, PI. III. 
Fig. 15. and 16. which, when judged proper, 
may be placed in the water-bath, D, Fig. 17. 
In difillation, efpecially of fpiritous liquors, the 
capital muft be furnifhed with a refrigeratory, 
SS, Fig. 16. kept continually filled with cold 
water ; when the water becomes heated, it is 
let off by the ftop-cock, KR, and renewed with a 
frefh fupply of cold water. As the fluid diftil- 
led is converted into gas by means of caloric 
“furnifhed by the fire of the furnace, it is evi- 
dent that it could not condenfe, and, confe- 
quently, that no diftillation, properly fpeaking, 
could take place, unlefs it is made to depoñite in 
the capital all the caloric it received in the cu- 
curbit; with this view, the fides of the capital 
muft always be preferved at a lower tempera- 
ture, than is neceffary for keeping the diftilling 
fubftance in the ftate of gas, and the water in 


the 
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the refrigeratory is intended for this purpofé, 
Water is converted into gas by the temperature 
of 212°, alcohol by 182.75°, and ether by 104° ; 
hence thefe fubftances cannot be diftilled, or ra- 
ther they will fy off in the ftate of gas, unlefs 
the temperature of the refrigeratory be kept un- 
der thefe refpective degrees. 

In the diftillation of fpiritous, and other € Ex- 
panfive liquors, the above-defcribed refrigerato- 
ry is not fuflicient for condenfing all the vapours 
which arife; in this cafe, therefore, inftead of 
receiving the diftilled liquor immediately from 
the beak TU, of the capital into a recipient, 
a worm is interpofed between them. This in- 
ftrument is reprefented PI. III. Fig. 18. contain- 
ed in a worm-tub of tinned copper; it confifts 
of a metallic tube bent into a confiderable num- 
‘ber of fpiral revolutions. The veflel which con- 
tains the worm is kept full of cold water, which 
is renewed as it grows warm. This contrivance 
is employed in all difülleries of fpirits, without 
the intervention of a capital and refrigeratory, 
properly fo called. The one reprefented in the 
plate is furnilhed with two worims, one of them 
being particularly appropriated to diftillations of 
odoriferous fubflances. 

In fome fimple diftillations it is neceffary to 
interpole an adopter between the retort and re- 
ceiver, as fhewn PI. III. Fig. 14. This may 
fervetwo different purpofes ; either to feparate 

two 
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two produ&s of different degrees of volatility ; 
or to remove the receiver to a greater diftance 
from the furnace, that it may be lefs heated. 
But thefe, and feveral other more complicated 
inftruments of ancient contrivance, are far from 
producing the accuracy requifite in modern che- 
miftry, as will be readily perceived when [ come 
to treat of compound diftillation. 


‘# In confequence of the duties on the Scot- 
tifh diftilleries having lately been collected by an 
annual fum, proportional to the contents of the 
full, it has been found profitable to hurry the 
procefs as much as poffible ; and, for this pur- 
pofe, the ftills have been made exceffively broad 
and fhallow, with very lofty heads: By the 
breadth and fhallownefs. the caloric of the fuel 
acts very quickly, having much furface, and 
little refiftance of incumbent liquid ; and the 

height of the head prevents any part of the un- 
difiilled liquid from boiling over. In this way, 
it is found that the contents of large ftills may 
be diftilled off with aftonifhing quicknefs ; per- 


haps confiderably above 209 times every 24 
hours.—T, | 


*Voz. II. G DE T, 
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SECT. VL 


Of Sublimation. 


This term is applied to the diftillation of fub- 
ftances which condenfe in a concrete or folid 
form, fuch as the fublimation of fulphur, and of 
muriat of ammoniac, or {al ammoniac Thefe 
operations may be conveniently performed in 
the ordinary diftilling veflels already defcribed, 
though, in the fublimation of fulphur, a fpe- 
cies of veflels, named Alludels, have been ufu- 
ally employed. Thefe are veffels of ftone or 
porcelain ware, which adjuft to each other over 
a cucurbit containing the fulphur to be fubli- 
med. One of the beft fubliming veffels, for fub- 
ftances which are not very volatile, is a flafk, 
or phial of glais, funk about two-thirds into a 
fand-bath ; but in this way we are apt to lofe a 
part of the produéts. When thefe are wifhed 
to be entirely preferved, we muft have recourfe 
to the pneumato-chemical diftilling apparatus, to : 
be defcribed in the following chapter. 
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Of Pneumato-chemical Diflillations, Metallic Dif- 
folutions, and fome other Operations which re- 
guire very complicated Inffruments. 


PEU. 


œ Compound and Pneumato-chemical Diffillations. 


A the preceding chapter, I have only treated 
| of difüllation as a fimple operation, by which 

two fubftances, differing in their degrees of vola- 
tility, may be feparated from each other ;, but dif- 
tillation often atually decompoles the fubftan- 
ces fubmitted to its action, and becomes one. of 
the moft eomplicated operations in chemiltry. 
In every diftillation, the fubftance diftilled muft 
be brought to the ftate of gas, in the cucurbit or 
retort, by combination with caloric : In fimple 
diftillation, this caloric is given out in the re- 
frigeratory or in the worm, and the fubftance 
again recovers its liquid or folid form ; but the 
fubfiances fubmitted to compound diftillation 
G 2 are 
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are abfolutely decompounded ; one part, as for 
inftance the carbon they contain, remains fixed 
in the retort, and all the reft of the elements 
are reduced to gafes of different kinds. Some 
of thefe gafes are fufceptible of being conden- 
fed, and of recovering their folid or liquid forms, 
while others are permanently aëriform ; one part 
_of thefe are abforbable by water, fome by the al- 
kalies, and others are not fufceptible of being 
abforbed at all. An ordinary diflilling appara- 
tus, fuch as has been defcribed in the preceding 
chapter, is quite infufficient for retaining or for 
feparating thefe diverffied produéts, and we are 
obliged to have recourfe, for this purpofe, to 
methods of a more complicated nature. 

The apparatus Ï am about to defcribe is cal- 
cülated for the moft complicated diftillations, and 
may be fimplified or extended according to cir- 
cumftances. It confifis of a tubulated glafs-retort 
À, PI. IV. Fig. 1. having its beak fitted to a tu- 
bulated ‘balloon or recipient BC ; to the upper 
orifice D of the balloon a bent tube DEff is ad- 
jufted, which, at its other extremity g, is plun- 
ged into the liquor contained in the bottle L, 
with three necks xxx. Three other fimilar 
bottles are conneted with this firft one, by, 
means of three fimilar bent tubes difpofed in, 
the fame manner; and the fartheft neck of the. 
laft bottle is connected with a jar in a pneu 
mato-chemical apparatus, by means of a bent 

tubes 
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tube*. A determinate weight of diftilled water 
is ufually put into the firft bottle, and the other 
three have each a folution of pure potafh in 
water. The weight of all thefe bottles, and of 
the water and alkaline folution they contain, muit 


_beaccurately afcertained, Every thing being thus 


difpofed, the junétures between the retort and re- 
cipient, and of the tube D of the latter, muft be 
luted with fat lute, covered over with flips of 
linen, fpread with lime and white of eggs; all 
the other junétures are to be fecured by a lute 
made of wax and rofin melted together. | 

When all thefe difpoftions are completed, 
and when, by means of heat applied to the re- 
tort À, the fubftance it contains becomes de- 
compofed, it is evident that the leaft volatile 
products muft condenfe or fublime in the beak 
or neck of the retort itfelf, where moît of the 
concrete fubftances will fix themfeilves. The 
more volatile fubftances, as the lighter oils, am- 


._moniac, and feveral others, will condenfe in the 


- recipient GC, whilft the gafes, which are not 


fufceptible of condenfation by cold, will pafs on 
by the tubes, and boïil up through the liquors 
in the feveral bottles. Such as are abforbable 

G 3 by 


* The reprefentation of this apparatus, PI IV. Fig. x. 
Will convey a much better idea of its difpoñtion thaa can 


poffibly be given by the moîft laboured defcription.—T. 
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by water will remain in the firft bottle, and 
thofe which pure alkali can ablorb will re- 
“main in the others; while fuch gafes as are 
not fufceptible of abforption, either by water or 
“’alkalies, will efcape by the tube RM, at the end 
of which they may be received into jars in à 
pneumato-chemical apparatus. The carbon and” 
fixed earth, &c. which form the fubftance or re- 
fiduum, anciently called caput mortuum, remain 
behind in the retort. ; 
In this mauner of operating, we have always 
a very material proof of the accuracy of the 
analyfis, as the whole weights of the produéts 
taken together, after the procefs is finifhed, 
muft be exactly equal to the weight of the ori- 
ginal fubitance fubmitted to diltillation. Hence, 
fer inflance, if we have operated upon eight 
ounces of ftarch or gum arabic, the weight of 
the charry refiduum in the retort, together with 
that of all the produéts gathered in its neck and 
the balloon, and of all the gas received into the 
jars by the tube RM added to the additional 
weight acquired by the bottles, muit, when ta- 
ken together, be exa@tly eight ounces  Ifthe 
product be lefs or more, it proceeds from er- 
ror, and the experiment muft be repeated until 
a fatisfaétory refult be procured, which ought 
not to differ more than fix or eight grains in the 
pound from the weight of the fubftance fub- 
mitted to experiment. 
In 
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În experiments of this kind, I for a long time 
inet with an almoft infurmountable difüculty, 
which muft at laft have obliged me to defift alto- 
gether, but for a very fimple method of avoid- 
ing it, pointed out to me by Mr Haffentratz. 
The fmalleft diminution in the heat of the fur- 
nace, and many other circumftances infeparable 
from this kind of experiments, caufe frequent 
reabforptions of gas: when this occors, the water 
in the ciftern of the pneumato-chemical appara- 
tus rufhes into the laft bottle through the tube 
RM; the fame circumftance happens from one 
bottle into another, and the fluid is often forced 
even into the recipient C. This accident is pre- 
vented by ufing bottles having three necks, as 
 reprefented in the plate, into one of which, in 
each bottle, a capillary glafs-tube $5, sé, sé, st, is 
adapted, fo. as to have its lower extremity # im- 
merfed in the-liquor. If any abforptiort takes 
place, either in the retort, or in any of the bot- 
.tles, a fufficient quantity.of external air enters, 
by means ofthefe tubes, to fill up the void ; and 
we get rid of the inconvenience at the price of 
having a fmall portion of common air mixed with 
the produdts of the experiment, which is there- 
by prevented from failing altogether. Though 
thefe tubes admit the external air, they cannot 
«permit any of the gafeous fubftances to efcape, 
as they are always fhut below by the water of 
the bottles, | 

G 4 It 


‘104 ELEMENTS 


It 1s evident that, in the courfe of experi- 
meñts with this apparatus, the liquor of the bot- 
tles muft rife in thefe tubes in proportion to the 
preflure fuftained by the gas or air contained in 
the bottles ; and this preflure is determined by 
the height and gravity of the column of fluid 
contained in all the fubfequent bottles. If we 
fuppofe that each bottle contains three inches 
of fluid, and that there are three inches of wa- 
ter in the ciftern of the connected apparatus a- 
bove the orifice of the tube RM, and allowing 
the gravity of the fluids to be only equal to that 
of that water, it follows that the air in the firft 
bottle muft fuftain a preffure equal to twelve 
inches of water; the water muft therefore rife 
twelve inches in the tube S, connected with the 
firft bottle, nine inches in that belonging to the 
fecond, fix inches in the third, and three in the 
laft ; wherefore thefe tubes muft be made fome- 

what more than twelve, nine, fix, and three 
inches long refpettively, allowance being made 
for ofcillatory motions, which often take iplace 
inthe liquids. It is fometimes neceffary to in- 
troduce à fimilar tube between the retort and 
recipient ; and as the tube is not immerfed in 
fluid at its lower extremity, until fome has col- 
leted in the progrefs of the diftillation, its up- 
per end muft be fhut at firft with a little lute, fo 
_as to be opened according to neceflity, or after 
there 
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there is fufficient liquid in the recipient to fe- 
cure its lower extremity. | 

This apparatus cannot be ufed in very accu- 
rate experiments, when the fubftances intended 

- to be operated upon have a very rapid aétion 

upon each other, or when one of them can on- 
ly be introduced in fmall fucceflive portions, as 
in fuch as produce violent effervefcence when 
mixed together. In fuch cafes, we employ a 
tubulated retort A, PI. VII. Fig. r. into which 
one of the fubftances is introduced, preferring 
always the folid body, if any fuch is to be treat- 
ed, we then lute to the opening of the retort a 
“bent tube BCDA, terminating at its upper ex- 
tremity B in a funnel, and at its other end A in 
a capillary opening. The fluid material of the 
experiment is poured into the retort by means 
of this funnel, which muft be made of fuch a 

length, from B to C, that the column of liquid 

vintroduced may counterbalance the refiftance 
prôduced by the liquors contained in all the 
bottles, PL. IV. Fig. 1. 

Thofe who have not been accuftomed to ufe 
the above-defcribed diftilling apparatus, may 
perbaps be ftartied at the great number of open- 

“ings which require luting, and the time necef. 
Mary for making all the previous preparations in 
experiments of this kind. Itis very true that, 
if we take into account all the neceflary weigh- 
ings of materials and produéts, both before and 
after 
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after the experiments, thefe preparatory and fuc- 
ceeding fteps require much more time and atten- 
tion than the experiment itfelf. But, when the 
experiment fucceeds properly, we are well re- 
warded for all the time and trouble beftowed, as, 
by one procels carried on in this accurate man- 
ner, much more juft and extenfive knowledge is 
acquired, of the nature of the vegetable or ani- 
mal fubftance thus fubmitted to inveftigation, 
than by many weeks affiduous labour in the or- 
dinary method of proceeding. 

When in want of bottles with three orifices, 
thofe with two may be ufed ; it is even poflible 
to introduce all the three tubes at one opening, 
fo as to employ ordinary wide mouthed bottles, 
provided the opening be fufficiently large. In 
this cafe we muft carefully fit the bottles with 
corks very accurately cut, and boïled in a mix- 
ture of oil, wax, and turpentine.. Thefe corks 
are pierced with the neceffary holes for receiving 
the tubes, by means of a round file, as in PI, IV: 
Fig. 8. 
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SR IE 
Of Metailic Diffolutions. 


have already pointed out the difference be- 
tween folution of falts in water and metallic dif. 
folutions. The former requires no particular 
veffels, whereas the latter requires very compli- 
cated veffels of late invention, that we may not 
lofe any of the produéts of the experiment, and 
may thereby procure truly conclufive refuits of 
the phenomena which occur. The metals, in 
general, diflolve-in acids with effervefcence, 
which is only a motion excited in the folvent by 
the difengagement of a great number of bubbles 
of air or aériform fluid, which proceed from the 
furface of the metal and break at the furface of 
the liquid. 
Mr Cavendifh and Dr Prieftley were the firit 
inventors of a proper apparatus for colleéting 
thefe elaftic fluids. That of Dr Prieftley is 
æxtremely fimple, and confifts of a bottle À, 
PI. VIL Fig. 2. with its cork B, through which 
pafles the bent glafs-tube BC, which is engaged 
under a jar filled with water in the pneumato- 
- chemical apparatus, or fimply in a bafon full of 
Water. The metal is firft introduced into the 


bottie, 
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bottle, the acid is then poured over it, and the 
bottle is inftantly clofed with its cork and tube, 
as reprefented in the plate. But this apparatus 
has its inconveniencies. When the acid is much 
concentrated, or the métal much divided, the ef- 
fervefcence begins before we have time to cork 
the bottle properly, and fome gas efcapes, by 
which we are prevented from afcertaining the 
quantity difengaged with rigorous exactnefs. In 
the next placé, when we are obliged to emploÿ 
heat, or when heat is produced bÿ the procefs, a 
part of the acid diftils, and mixes with the water 
of the pneumato-chemical apparatus, by which 
means we are deceived in our calculation of the 
quantity of acid decompofed.  Befides thefe, 
the water in the ciftern of the apparatus abforbs 
all the gas produced which is fufceptible of ab- 
forption, and renders it impoflible to colleét thefe 
without lofs. 

To remedy thefe inconveniencies, Î at firft 
ufed a bottle with two necks, PL VIT. Fig. 3. in- 
to one of which the glafs-funnel BC is luted fo 
as to prevent any air efcaping ; a glafs-rod DE 
is fitted with emery to the funnel, fo as to ferve 
the purpofe of a ftopper. When it is ufed, the 
matter to be diflolved is firft introduced into the 
bottle, and the acid is then permitted to pafs in 
as flowly as we pleafe, by raifing the glafs-rod 
gently as often as is neceflary until faturation is 


produced. 
Another 
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Another method has been fince, employed, 
which ferves the fame purpofe, and is prefer- 
able to the laft defcribed in fome inftances. This 
confifts in adapting to one of the mouths of the 
bottle A, PI. VII. Fig. 4. a bent tube DEF G, 
having a capillary opening at D, and ending in 
a funnel at G. This tube is fecurely luted to 
the mouth C ofthe bottle. When any liquid 
is poured into the funnel, it falls down to F; 
and, if a fufficient quantity be added, it pañles 
* by the cürvature E, and falls flowly into the 
bottle, fo long as frefh liquor is fupplied at the 
funnel. The liquor can never be forced out of 
the tube, and no gas can efcape through 1t, be- 
caufe the weight of the liquid ferves the purpofe 
of an accurate cork. 

To prevent any diftillation of acid, efpecially 
in diflolutions accompanied with heat, this tube 
is adapted to the retort À, PI. VII Fig. 1. and 
a fmall tubulated recipient, M, is applied, in 
which any liquor which may diftil is conden{ed 
‘On purpofe to feparate any gas that is abforb- 
able by water, we add the double-necked bot- 
tle L, half filled with a folution of pure pot- 
afh: the alkali abforbs any carbonic acid gas, 
and ufually only one or two other gafes pafs 
… into the jar of the connected pneumato-chemi- 
cal apparatus through the tube NO. Inthe 
Grft chapter of this third part we have directed 
how thefe are to be feparated and examined. 

If 
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If one bottle of alkaline folution be not thought 
fuficient, two, three, or more, may be added, 


& ÉCOLE SE 


Apparatus necefury in Experiments upon Vinous 
and Putrefactive Fermentations, 


For thefe operations, a peculiar apparatus, e- 
fpecially intended for this kind of experiment, is 
requifite. The one Ï am about to defcribe was 
fina.ly adopted, as the beft calculated for the 
purpofe, af er numerouscorreétions and improve- 
ments. It confifts of a large matrafs, A, PI. X, 
Fig. 1. holding about twelve pints, with a cap of 
brafs a b, ftrongly cemented to its mouth, and 
into which is fcrewed a bent tube c 4, furnifhed 
with a ftop-cocke. To this tube is joined the 
glafs recipient B, having three openings, one of 
which communicates with the bottle C, placed: 
below it. To the pofterior opening of this re- 
cipient is fitted a glafs-tube g bi, cemented at # 
and 2 to collets of brafs, and intended to contain 
a very deliquefcent concrete neutral falt, fuch as 
nitrat or muriat of lime, acetite of potafh, &c. 
This tube communicates with two bottles D 
and E, filled to x and y, with a folution of pure 
potafh. 

Al 
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All the parts of this machine are joined toge- 
ther by accurate fcrews, and the touching parts 
have greafed leather interpofed, to prevent any 
pañlage of air. Each piece is likewife furnifhed 
with two ftop-cocks, by which its two extremi- 
ties may be clofed, fo that we can weigh each fe. 
parately at any period of the operation. 

The fermentable matter, fuch as fugar, with a 
proper quantity of yeaft, and diluted with wa- 
ter, is put into the matrafs. Sometimes, when 
the fermentation is too rapid, a confiderable 
quantity of froth is produced, which not only 
fills the neck of the matrafs, but pañles into the 
recipient, and from thence runs down into the 
bottle C. On purpofe to colleét this fcum and 
muft, and to prevent it from reaching the tube 
filled with deliquefcent falts, the recipient and 
connected bottle are made of HN A Lo capa- 
city. 

In the vinous fermentation, only carbonic 
acid gas is difengaged, carrying with it a fmall 
proportion of water in folution. A great part 
of this water is depoñited in paffing through the 
tube g hi, which is filled with a deliquefcent 
falt in grofs powder, and the quantity is afcer- 
tained by the augmentation of the weight of the 
falt. The carbonic acid gas bubbles up through 
the alkaline folution in the bottle D, to which 
lt is conveyed by the tube £/m. Any fmall 
portion which may not be abforbed by this firft 

bottle, 
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bottle, is fecured by the folution in the fecond 
bottle E, {fo that nothing, in general, paîles into 
the jar F, except the common air contained in 
_ the veflels at the commencement of the experi- 
ment. | 

The fame apparatus anfwers extremely well 
for experiments upon the putrefaétive fermen- 
tation ; but, in this cafe, a confiderable quantity 
of hydrogen gas is difengaged through the tube 
grstu, by which it is conveyed intothe jar F; 
and, as this difengagement is very rapid, efpe- 
cially in fummer, the jar muft be frequently 
changed. Thefe putrefa@ive fermentations re- 
quire conftantattendance from the above circum- 
ftance, whereas the vinous fermentation hardly 
needs any. Byÿ means of this apparatus, we can 
afcertain, with great precifion, the weights of the 
fubftances fubmitted to fermentation, and of the 
liquid and aëriform produdts which are difenga- 
ged. . What has been already faid in Part I. 
Chap. XIII. upon the produéts of the vinous 
fermentation, may be confulted. 
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SECTE AE" 
| Apparatus for the Decompoftion of Water... - 


Having already given an account, in the firft 
part of this work, of the experiments relative 
to the decompofition of water, I fhall avoid any 
unneceflary repetitions, and only give a few 
fummary obfervations upon the fubject in this 
fe&tion. The principal fubftances which have 
the power of decompofng water, are iron and 
charcoal; for which purpofe, they require to 
be made red hot, otherwife the water is only re- 
duced into vapour, and condenfes afterwards by 
refrigeration, without fuftaining the fmalleft al- 
teration. In a red heat, on the contrary, iron 
or charcoal carry off the oxygen from its union 
with hydrogen; in the firft cafe, black oxyd of 
iron is produced, and the hydrogen is difengaged 
pure in form of gas ; in the other cafe, carbonic 
acid gas is formed, which difengages, mixed with 
the hydrogen gas, and this latter is commonly 

_ carbonated, of holds carbon in folution. 

À mufket-barrel, without its breach-pin, an- 
fwers exceedingly well for the decompofition of 
Water, by means of iron, and one fhould be 

Vor. Il. H chofen 
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chofen of confiderable length, and pretty ftrong. 
When too fhort, fo as to run the rifk of heating 
the lute too much, a tube of copper muft be 
ftrongly foldered to one end. The barrel is pla- 
ced in a long furnace, CDEF, PL VIL. Fig. 11. 
fo as to have a few degrees of inclination from E 
to F ; a glafs retort À, is luted to the upper ex- 
tremity E, which contains water, and is placed 
upon the furnace VVXX. The lower extremi- 
ty F is luted to a worm SS, which is connected 
with the tubulated bottle H, in which any water 
diftilled withouf decompofition, during the ope- 
ration, colleéts, and the difengaged gas is carried 
by the tube KK to jars in a pneumato-chemical 
apparatus. Inftead of the retort, a funnel may be 
employed, having its lower part fhut by a ftop- 
cock, through which the water is allowed to 
drop gradually into the gun-barrel. Immediately 
upon getting into contact with the heated part of 
the iron, the water is converted into fteam, and, 
the experiment proceeds i in the fame manner as 
if it were furnifhed in vapours from the retort. 
In the experiment made by Mr Meufnier and 
me before a committee of the Academy, weufed 
every precaution. to obtain the greateft poffible 
precifion i in the refult of our experiment, having 
even exhaufted all the veffels employed beforewe 
began, {o that the hydrogen gas obtained might 
e free from any mixture of azotic gas. The re- 
fults 
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fults of that experiment will hereafter be given 
at large in a particular memoir. 

In numerous experiments, we are obliged to 
ufe tubes of glafs, porcelain, or copper, inftead 
of gun-barrels ; but glafs has the difadvantage 
of being eafily melted and flattened, if the heat 
be in the fmalleft degree raifed too high ; and 
porcelain is moftly full of fmall minute pores, 
through: which the gas efcapes, efpecially when 
comprefled by a column of water, For thefe 
reafons I procured a tube of brafs, which Mr-de 
la Briche got caft and bored out of the folid for 
me at Strafburg, under his own infpection. This 
tube is extremely convenient for decompofing 
alcohol, which refolves into carbon, carbonic 
acid gas, and hydrogen gas ; it may likewife be 
ufed with the fame advantage for decompoñing 
water by means of charcoal, and in a great num- 
ber of experiments of this nature. 
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PERS 
CHAP. VIT 


Of the Compofition and Application of Lutes. 


HE necefity of properly fecuring the junc- 
tures of chemical veflels, to prevent the 
efcape of any of the produés of experiments, 
muft be fufficiently apparent ; for this purpofe 
lutes are employed, which ought to be of fuch a 
nature as to be equally impenetrable to the moft 
fubtle fubftances as glafs itfelf, through which 
only caloric can efcape. 

This firft object of lutes is very well accom- 
plifhed by bees wax, melted with about an eighth 
part of turpentine. This lute is very eafily ma- 
naged, fticks very clofely to glafs, and is very 
difiicultly penetrable ; it may be rendered more 
confiftent, and lefs or more hard or pliable by add- 
ing different kinds of refinous matters. Though 
. this fpecies of lute anfwers extremely well for 
retaining gafes and vapours, there are many che- 
mical experiments which produce confiderable 
heat, by which this lute becomes liquefed, and 
confequently the expanfive vapours muft very 
readily force through and efcape. 
ren lat Ne For 
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. For fuch cafes, the following fat lute is the. 
beft hitherto difcovered, though not without its 
difadvantages, which fhall be pointed out. : Take 
very pure and dry unbaked clay, reduced to a 
fine powder; put this into a brafs mortar, and. 
beat it for feveral hours with a heavy iron peftle, 
dropping in flowly fome boiled lintfeed oil ; this 
is oil which has been oxygenated, and has ac: 
quired a drying quality, by being boiled with 
litharge. This lute is more tenacious,. and, ap- 
plies better, if amber varnifh be ufed inftead of 
the above oil. To make this varnifh, melt fome 
yellow amber in an iron-laddle, by which opera- 
tion it lofes a part of its fuccinic acid, and eflen- 
tial oil, and, mix it with lintfeed oïl. Thougkh 
the lute prepared with this varnifh is better than 
that made with boïled oil, yet, as its additional 
expence is hardly compenfated by its fuperior 
quality, it is fetdom ufed. it : 

The above fat lute is capable of fuftaining à 
very violent degree of heat, is impenetrable by 
acids and fpiritous liquors, and adheres exceed- 
ingly well to metals, ftone-ware, or glafs, provi- 
ding they have been previoufly rendered per- 
feétly dry. But if, unfortunately, any of the 
liquor in the courfe of an experiment gets 
through, either. between the glafs and the lute, 
or between the layers of the lute itfelf, fo as to 
mojften the part, it is extremely difficult to clofe 

| 3 the 
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the opéning. This is the chief inconvenience 
which attends the ufe of fat lute, and perhaps 
the only one it is fubject to. As it is apt to fof- 
ten-by heat, we muft furround all the junétures 
with flips of wet bladder applied over the luting, 
and fixed on by pack-thread tied round both 
above and below the joint ; the bladder, and con- 
fequently the lute below, muit be farther fecu- 
red by a number of turns of pack-thread all over 
it. By thefe precautions, we are free from every 
danger of accident ; and the junétures fécured 
in this manner may be confidered, in experi- 
ments, as hermetically fealed. | 

It frequently happens, that the figure of the: 
juntures prevents the application of hgatures, 
which is the cafe with the three-necked bottles 
formerly defcribed ; and ‘it even requires great 
addréfs to apply the twine without fhaking the 
apparatus ;, fo that, where a number of junétures 
require luting, we are apt to difplace feveral 
While fecuring one. In thefe cafes, we may fub- 
fitute Îlips of linen, fpread with white of egg 
and lime mixed together, inftead of the wet 
bladder. -Thefe are applied while ftill moif, 
and very fpeedily dry and acquire confiderable 
hardnef. Strong 'glue diffolved in water may 
anfwer inftead of white of egg. Thefe fillets 
are ufefully applied likewife over junétures lutéd 
together with wax and rofin. 
—. Before 
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Before applying a lute, all the junétures of 
the veflels muft be accurately and firmly fitted 
to each other, {o as not to admit of being mo- 
ved. If the beak of a retort is to be luted to 
the neck of a recipient, they ought.to fit pretty 
accurately ; otherwife we muft fix them by in- 
troducing fhort pieces of foft wood, or of cork. 
If the difproportion between the two be very 
confiderable, we muft employ a cork which: fits 
the neck of the recipient, having a circular hole 
of proper dimenfions to admit the beak of the 
retort. ‘The fame precaution is neceffary in 
adapting bent tubes to the necks of bottles 
in the apparatus reprefented PE IV, Fig. 1. 
. and othefs of a fimilar nature. Each mouth of 
each bottle muft be fitted with a cork, having a 
hole made with a round file of a proper fize for 
containing the tube. : And, when one mouth is 
intended to admit two or more tubes, which 
frequently happens when we have not a fufl- 
cient number of bottles with two or three necks, 
we muft ufe à cork with two or three holes, 
PI. IV. Fig. 8. | 

When the whole apparatus is thus folidly 
joined, fo that no part can play upon another, 
we begin to lute. The lute is foftened by 
kneading and rolling it between the fingers, 
With the affiftance of heat, if necéffary. It is 
rolled into little cylindrical pieces, and applied 
to the junétures, taking great care to make it 

A4 apply 
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apply clofe, and adhere firmly, in every part ; a 
fecond roll is applied over the firft, fo as to pafs 
it on each fide, and fo on till each jun@ure be 
fufficiently covered ; after this, the flips of blad- 
der, or of linen, as above direéted, muft be care- 
fully applied over all. Though this operation 
may appear extremely fimple, yet it requires pe- 
culiar delicacy and management ; great care muft 
be taken not to difturb one jun@ture whilft lu- 
ting another, and more efpecially when applying 
the fillets and ligatures. 

: Before beginning any experiment, the énbs 
nef of the luting ought always to be previoufly 
tried, either by flightiy heating the retort A, 
PI. IV. Fig. 1. or by blowing in a littlerair by 
fome of the perpendicular tubes S 55 5 ; the al- 
teration of preflure caufes a change in the level 
of the liquid in thefe tubes. If the apparatus 
bé accurately luted, this alteration of level will 
be permanent; whereas, if there be the fmalleft 
opening in any of the junétures, the liquid will 
verÿ foon recover its former level. : It muft al. : 
ways be remembered, that the whole fuccefs of 
experiments in modern chemiftry depends upon 
the exaétnefs of this operation, which therefore 
requires the utmoft rail and moît attentive 
accuracy. 

It would be of infinite fervice to enable che- 
imifts, efpecially thofe who are engaged in pneu- 
matic procefles, to difpenfe with the ufe of lutes, 

OE 
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er at leaft to diminifh the number neceflary in 
complicated äinftruments.: I once thought of 
having my apparatus conftruéted fo as to unite 
in all its parts by fitting with emery, in the way 
of bottles with cryftal-ftoppers; but the execu- 
tion of this plan was extremely difficult. [have 
fince thought it preferable to fubftitute columns 
of a few lines of mercury in place of lutes, and 
have got an apparatus conftruéted upon this 
principle, which appears capable of very conve- 
nient application in a great number of circum- 

fances. 
It confifts of a double-necked bottle À, PL XII. 
Fig. 12.; the interior neck bc communicates 
with the infide of the bottle, and the exte- 
rior neck or rim de leaves an interval between 
the two necks, forming a deep gutter intended 
to contain the mercury. The cap or lid of 
glafs B enters this gutter and is properly fitted 
to it, having notches in its lower edge for the 
paflage ofùthe tubes which convey the gas. 
Thefe tubes, inftead of entering dire&ly into 
the bottles as in the ordinary apparatus, have a 
double bend for making them enter the gutter, 
as reprefented in Fig. 13. "and for making them 
fit the notches of the cap B; they rife again 
from the gutter to enter the infide of the bottle 
over the border of the inner mouth. When the 
tubes are difpofed in their proper places, and 
the cap firmly fitted on, the gutter is filed with 
mercury, 
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mercury, by which means the bottle is com- 
pletely excluded from any communication, ex- 
cepting through the tubes, This apparatus may 
be very convenient in many operations in which 
the fubftances employed have no ation upon 
mercury. Pl. XII. Fig. 14. reprefents an appa- 
ratus upon this principle properly fitted toge- 
ther. 

Mr Seguin, to whofe active and intelligent 
afliftance I have been very frequently much in- 
debted, has befpoken for me, at the glafs-houfes, 
fome retorts hermetically united to their reci- 
pients, by which luting will be nas unne- 
ceffary. 
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“of Operations upon Combuftion and Défagration. 
EE ES ame 
IBE € DE 


of Combuftion in General. 


fNOMEUSTION, according to what has been 
already faid in the Firft Part of this 
Work, is the decompofition of oxygen gas pro- 
duced by a combuftible body. The oxygen 
which forms the bafe of this gas isabforbed by, 
and enters*into combination with, the burning 
body, while the caloric and light are fet free. 
Every combuftion, therefore, neceffarily fuppo- 
fes oxygenation ; whereas, on the contrary, 
every oxygenation does mot neceflarily imply 
“concomitant combuftion ; bécaufe combuftion, 
properly fo ‘called, cannot take place without 
difengagement of cäloric and light. Before 
_combuftion can take place, it is neceflary that 
the bafe of oxygen gas fhould have greater affi- 
nity 
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nity to the combuftible body than it has to ca- 
loric ; and this elective attraction, to ufe Berg- 
mans expreflion, can only take place at à certain 
degree of temperature, which is different for ich 
combuftible fubftance ; hence the neceflity of gi- 
ving a firft motion or beginning to every com- 
buftion by the approach of a heated body. This 
neceflity of heating any body we mean to burn 
depends upon certarmconfiderations, which have 
not hitherto been attended to by any natural 
philofopher, wherefore I fhall enlarge a little 
upon the fubjeét in this place. 

Nature is at prefent in a ftate of equilibrium, 
which cannot have been attained until all the 
fpontaneous combuftions or oxygenations pof- 
fible in the ordinary degrees of temperature had 
taken place: Hence, no new combuftions or 
oxygenations can happen without deftroying 
this equilibrium, and raifing the combuftible 
fubftances to a fuperior degree of temperature. 
To illuftrate this abftraét view of the matter by 
example: Let us fuppofe the ufual temperature 
of the earth a little changed, and that.it were 
raifed only to the degree of boiling water ; it is 
evident, that, in this cafe, phofphorus, which is 
combuftible in a confiderably lower degree of 
temperature, would no longer exift in nature in 
its pure and fimple ftate, but would always be 
procured in its acid. or oxygenated ftate, and its 
radical would become one of the fubftances un- 

known 
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known to chemiftry. By gradually increafing 
the temperature of the earth the fame circum- 
flance would fucceflively happen to all the bo- 
dies capable of combultion ; and, at laft, every 
poffible combuftion having taken place, there 
would no longer exift any combuftible body 
whatever, as every fubftance fufceptible of that 
operation would be oxygenated, and confequent- 
ly incombuñible, 
- There cannot therefore exift, fo far as relates 
to us, any combuftible body, except fuch as are 
incombuftible in the ordinarÿ temperatures of 
the earth; or, what is the fame thing, in other 
words, that it is effential to the nature of every 
combuftible body, not to poflefs the property of 
combuftion, unlefs heated, or raifed to the de- 
gree of temperature at which its combuftion na- 
turally takes place. When this degree is once 
produced, combuftion commences, and the calo- 
tic which is difengaged by the decompofition of 
the oxygen gas, keeps up the temperature ne- 
ceffary for continuing combuftion. When this 
1s not the cafe, thatis, when the difengaged ca- 
loric is infufficient for keeping up the neceflary 
temperature, the combuftion ceafes: This cir- 
eumitance is exprefled in common language 
by faying, that a body burns ill, or with diff. 
culty. 
“Although combuftion pofeffes fome circum- 
flances in common with difuillation, efpécially 
with 
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with the compound kind of that operation, they 
differ in a very material point. In diftillatiom 
there is a feparation of one part of the elements: 
ofthefubftance from each other, and a confequent! 
combination of thefe, in a new order, occafioned| 
by the affinities which take place in the increafedl 
temperature produced during diftillation: This: 
likewife happens in combuftion, but with this: 
farther circumftance, that a new element, not: 
originally in the body, is brought into action ;, 
oxygen is added to the fubftance fubmitted toi 
the operation, and caloric is difengaged. 

The neceflity of employing oxygen in the: 
ftate of gas in all experiments with combuftion,, 
and the rigorous determination of the quanti-. 
ties employed, render this kind of operations: 
peculiarly troublefome. As almoft all the pro. 
ducts of combuftion are difengaged in the flate: 
of gas, it is ftill more difhcult to retain them. 
than even thofe furnifhed during compound dif: 
tillation ; hence this precaution was entirely ne-. 
gleéted by the ancient chemifts; and this fet of: 
experiments exclufvely belongs to modern che-. 
miftry. 

Having thus pointed out, in à general way,, 
the objects to be had in view in experiments: 
upon combuftion, 1 proceed, in the following; 
feétions of this chapter, to defcribe the different: 
ifruments I häve ufed with this view. The: 
following arrangement is formed, not upon the} 

nature 
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bature of the combuftible bodies, but upon that 
of the inftruments neceflary for combuftion. 


HEC T.TIL 


Of the Combuftion of Phofphorus. 


In thefe combuftions we begin by filling a jar, 
capable at leaft of holding fix pints, with OXy- 
gen gas in the water apparatus, PI. V. Fig. 1. ; 
When it is perfectly full, that the gas begins 
to low out below, the jar À is carried to the 
mercury apparatus, PI IV. Fig. 3. We then 
dry the furface of the mercury, both within and 
without the jar, by means of blotting- paper, ta- 
King care to keep the paper for fome time en- 
tirely immerfed in the mercury before it is in- 
troduced under the jar, left we let in any com- 
mon air, which fticks very obftinately to the 
furface of the paper. The body to be fubmit. 
ted to combuftion, being firft very accurately 
weighed in nice fcales, is placed in a fmall flat 
fhallow difh, D, of iron or porcelain ; this is 
covered bÿ the larger cup P, which ferves the 
Office of a diving-bell, and the whole is pañfed 
through the mercury into the Jar, after which 
the larger Cup is retired. The difficulty of paf- 
fing the materials of combuftion in this manner 


through 
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through the mercury may be avoided by raifing: 
one of the fides of the jar A, for a moment, 
and flipping in the little cup D, with the com- 
buftible body, as quickly as poflible. In this 
manner of operating, a fmall quantity of com- 
mon air gets into the jar, but it is fo very in- 
confiderable as not to injure either the progrefs 
or accuracy of the experiment in any fenfible: 
degree. 

When the cup, D, is introduced under the 
jar, we fuck out a part of the oxygen gas, fo as. 
to raife the mercury to EF, as formerly direéted, 
Part I. Chap. V. otherwife when the combuf- 
tible body is fet on fire, the gas becoming di-. 
lated would be in part forced out, and we fhould. 
no longer be able to make any accurate calcula- 
tion of the quantities before and after the ex- 
periment. À very convenient mode of draw- 
ing out the air is by means of an air-pump fy=. 
ringe adapted to the fyphon, GHI, by which 
the mercury may be raifed to any degree under 
twenty-eight inches. Very inflammable bodies, 
as phofphorus, are fet on fire by means of the 
crooked iron-wire, M N, PI. IV. Fig. 16. made 
red-hot, and pañled quickly through the mercu-w 
ry. Such as are lefs eafily fet on fire have am 
fmall portion of tinder, upon which a minute 
particle of phofphorus is fixed, laid upon them 
before ufing the red-hot iron. | 
_In 
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In the firft moment of combuftion, the air, be- 
ing heated, rarefies, and the mercury defcends ; 
but when, as in combuftions of phofphorus and 
iron, no elaftic fluid is formed, abforption be. 
_ comes prefently very fenfible, and the mercury 

rifes high into the jar. Great attention muft be 
ufed not to burn too large a quantity of any fub- 
_ftance in a given quantity of gas, otherwife, to- 
wards the end of the experiment, the cup would 
approach fo near the top of the jar as to endan- 
ger breaking it, by the great heat produced, and 
the fudden refrigeration from the cold mercury. 
For the methods of meafuring the volume of the 
gafes, and for correéting the meafures according 
to the height of the barometer and thermometer, 
&c. fée Chap. II. Set. V. and VI. of this Part. 
The above procefs anfwers very well for burn- 
ing all the concrete fubftances, and even for the 
fixed oils : Thefe laft are burned in lamps under 
the jar, and are readily fet on fire by means of 
tinder, phofphorus, and hot iron. But it is dan- 
gerous for fubiftances fufceptible of evaporating 
in a moderate heat, fuch as ether, alcohol, and 
the effential oils ; thefe fubftances difflolve in con- 
fiderable quantity in oxygen gas ; and, when fet 
on fire, à dangerous and fudden explofion takes 
place, which forces up the jar to a great height, 
and dafhes it in à thoufand pieces. From the 
effeéts of two fuch explofions, fome of the mem- 
Voz. II. À I bers 
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bers of the Academy and myfelf efcaped very 
narrowly.. Befides, though this manner of ope- 
rating is fuficient for determining pretty accu- 
rately the quantity of oxygen gas abforbed, and 
of carbonic acid produced, yet as water is like- 
wife formed in all experiments upon vegetable 
and animal matters which contain an excefs of 
hydrogen, this apparatus can neither colleét it, 
nor determine ifs quantity. The experiment 
with phofphorus is:even incomplete in this way, 
as it is impoffible fo demonftrate that the weight 
of the phofphoric acid produced is equal to the 
fam of the weights of the phofphorus burnt and 
of oxygen gas abforbed during the procefs: I 
have been, therefore, obliged to vary the inftru- 
ments according to circumitances, and to employ 
feveral of different kinds, which I fhall defcribe 
in their. order, beginning with that ufed for 
burning phofphorus. 

Take a large balloon A, PI. IV. Fig. 4. of cry- 
ftal or white glafs, with an opening EF, about 
two inches and a half, or three inches, diame- 
ter, to which a cap of brafs is accurately. fitted 
with emerÿ, and which has two holes for the 
paflage of the tubes xxx, y # y. Before fhutting 
the balloon with its cover, place within.it the : 
ftand, BC, fupporting the cup of porcelain, D, 
which contains the phofphorus. Then lute on 
the cap with fat lute, and allow it to dry for 
fome days, and weigh the whole accurately ; 

 afteiii 
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after this exhauft the balloon by means of an 
air-pump connected with the tube xxx, and fill 
it with oxygen gas by the tube yyy, from the 
gazometer, PL. VIII. Fig. 1. defcribed Chap. 11. 
Sec. II. of this part. The Phofphorus is then 
fet on fire by means of a burning-glafs, and is 
allowed to burn till the cloud of concrete phof- 
phoric acid ftops the combuftion, oxygen gas 
being continually fupplied from the gazometer. 
When the apparatus has cooled, it is weihed 
and unluted ; the tare of the inftrument being 
allowed, the weight is that of the phofphoric 
acid contained. It is proper, for greater accu- 
racy, to examine the air or gas contained in the 
balloon after combuftion, as it may happen to 
be fomewhat heavier or lighter than common 
air; and this difference of weight muft be taken 
into account in the calculations upon " refults 
of the experiment. 


D'OR EP. TE 


Of the Combuflion of Charcoal. 


The apparatus Î have employed for this pro- 
_cefs confifts of a fmall conical furnace of hammer- 
ed copper, reprefented in perfpective, PI. XII. 
Fig. 9. and internally difplayed Fig. ar. Itis 

T2 divided 
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divided into the furnace, ABC, where the char- 
coal is burnt, the grate, de, and the afh-hole, 
F; the tube, GH, in the middle of the dome 
of the furnace, ferves to introduce the charcoal, 
and as a chimney for carrying off the air which 
has ferved for combuftion. Through the tube 
Im n, which communicates with the gazometer, 
the oxygen gas, or air, intended for fupporting 
the combuftion, is conveyed! into the afh-hole, 
F, whence it is forced, by the application of 
preffure to the gazometer, to pafs through the 
grate, de, and to blow upon the burning char- 
coal placed immediately above. | 
Oxygen gas, which forms 2£_ parts of atmo- 
fpheric air, is changed into carbonic acid gas du- 
ring combuftion with charcoal, while-the azotic 
gas of the air is not at all altered. Hence, after 
the combuftion of charcoal in atmofpheric air, 
a mixture of carbonic acid gas and azotic gas 
muft remain; to allow this mixture to pafs off, 
the tube, o p, is adapted to the chimney, GH, 
by means of a fcrew at G, and conveys the gas 
into bottles half filled with folution of cauftic 
potath. ‘The carbonic acid gas is abforbed by . 
the alkali, and the azotic gas is conveyed into a 
fecond gazometer, where its quantity is afcer- 
tained. | 
The weight of the furnace, ABC, is firft ac- 
curately determined ; then the tube RS, Fig. 10. 
of known weight, is introduced by the chim- 


ney, 
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ney, GH, till its lower end $, refts upon the 
grate, de, which it occupies entirely ; in the 
next place, the furnace is filled with charcoal, 
and the whole is weighed again, to know the 
exact quantity of charcoal fubmitted to experi- 
ment. The furnace is now put ia its place, the 
tube, / mn, is fcrewed to that which communi- 
cates with the gazometer, and the tube, o p, to 
that which communicates with the bottles of al- 
kaline folution. Every thing being in readinefs, 
the ftop-cock of the gazometer is opened, a fmall 
piece of burning charcoal is thrown into the 
tube, RS, which is inftantly withdrawn, and the 
tube, 0 p, is fcrewed to the chimney, GH. The 
little piece of burning charcoal falls upon the 
grate, and in this manner gets below the whole 
charcoal, and is kept on fire by the ftream of air 
from the gazometer. To be certain that the 
combuftion is begun, and that it goes on proper- 
ly, the tube, gr s, is fixed to the furnace, having 
a piece of glafs cemented to its upper extremi- 
‘ty, s, through which we can fee if the charcoal 
be on fire. 

I neglected to obierve above, that the furnace, 
and its appendages, are plunged into water in the 
ciftern, TVXY, Fig. x1. PI. XII. to which ice 
may be added to moderate the heat, if neceffary ; 
though the heat is by no means very confider- 
able, as there is no air fupplied but what comes 
from the gazometer, and no more of the charcoal 

E 3 burns 
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burns at one time than what is immediately over 
the grate. 

As onepiece of charcoal is udtfades abthier 
falls down into. its place, in confequence of the 
declivity of the fides of the furnace ; this gets in- 
to the ftream of air, from the grate, de, and is 
burnt; and fo on, fucceffively, till the whole 
charcoal is confumed. The air which has ferved 
the purpofe of the combuftion pañles through the 
mafs of charcoal, and is forced, by the preflure 
of the gazometer, to efcape through the tube, 
op, and to pafs through the bottles of alkaline 
folution. 

This experiment furnifhes all the neceflary 
data for a complete analyfis of atmofpheric air 
and of charcoal. We know the weight of char 
coal confumed ; the gazometer gives us the méa- 
fure of the air employed ; the quantity and qua- 
—ity of gas remaining after combuftion may be 
determined, as‘it is received, either in another 
gazometer, Or in Jjars, in a pneumato-chemical 
apparatus ; the weight of afhes remaining in the 
afh-hole is readily afcertained : and finally, the 
additional weight acquired by the bottles of al- 
kaline folution gives the exact quantity of car- 
bonic acid formed during the procefs. By this 
experiment we may likewife determine, with 
fufficient accuracy, the proportions in which 
carbon and oxygen enter into the compoñition of 
carbonic acid. 


In 
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In a future memoir I:fhall give an account to 
the Academy of a feries of experiments [I have 
undertaken, with ‘this inftrument, upon all the 
vegetable and animal charcoals. By fome-very 


flight alterations, this machine may be made. to 
.anfwer for obferving the principal phenomena of 


refpiration. 


ce oi Ce A À 


Of the Combuftion of Oùils. 


Oils are more compound in their nature than 
charcoal, being formed by the combination of 
at leaft two eléments, carbon and hydrogen ; of 
courfe, after their combuftion in common air, 
water, carbonic acid gas, and azotic gas remain. 


 Hence the apparatus employed for their combuf- 


\ 


tion requires to be adapted for colleéting thefe 


three produ@s, and is confequently more com- 


plicated than the charcoal furnace. 

The apparatus I employ for this purpofe is 
compofed of a large jar of pitcher À, PI. XII. 
Fig. 4. furrounded at its upper edge by a rim of 
iton properly cemented at DE, and receding 
from the jar at BC, fo as to leave a furrow or 
gutter xx, between it and the outfide of the jar 

I 24 fomewhat 
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fomewhat more than two inches deep. T'he co- 
ver or lid of the jar, Fig 5. is likewife furround- 
ed by an iron-rim fg, which adjufts into the 
gutter x x, Fig. 4. which being filled with mer- 
cury, has the effect of clofing the jar hermeti- 
cally in an inftant, without ufing any lute ; and, 
as the gutter will hold about two inches of mer- 
cury, the air in the jar may be made to fuftain 
the preffure of more than two feet of water, 
without danger of its efcaping. 

The lid has four holes, T hz &, for the paflage 
of an equal number of tubes. The opening T 
is furnifhed with a leather-box, through which 
pafles the rod, Fig. 3. inténded for raifing and 
lowering the wick of the lamp, as will be after- 
wards direéted. The three other holes are in- 
tended. for the pañflage of three feveral tubes ; 
one of thefe conveys the oil to the lamp, a fe- 
cond conveys air for keeping up the combuf- 
tion, and the third carries off the air, after it 
has ferved for combuftion. The lamp in which 
the oil is burnt is reprefented Fig. 2. ; a is the 
refervoir of oil, having a funnel by which it is 
filled ; bcdefghisa fyphon which conveys. 
the oil to the lamp 113 7, 8, 9, 10, is the tube 
which conveys the air for combuftion from the 
gazometer to the fame lamp. The tube bc is 
formed: externally, at its lower end .à, into a 
male ferew, which turns in a female ferew in the 
lid of the refervoir of oil a; fo that, by turning 

the « 
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the refervoir one way or the other, it is madeto 
rife or fall, by which the oil is kept at the necef- 
fary level. 

When the fyphon is to be filled, and the com- 
munication formed between the refervoir of oil 
and the lamp, the ftop-cock c is fhut, and that 
at e opened ; oil is then poured in by the open- 
ing fat the top of the fyphon, tillit rifes within 
three or four lines of the upper edge ofthe lamp, 
after which the ftop-cock & is fhut, and thatatc 
opened ; the oil is next poured in at f£ till the 
branch bc d of the fyphon is filled, and then the 
ftop-cock e is clofed. The two branches of the 
fyphon being now completely filled, a communi- 
cation is fully eftablifhed between the refervoir 
and the lamp. 

In PL XII. Fig. 1. all the parts of the lamp 
11, Fig. 2. are reprefented magnified, to fhew 
them diftinétly. The tube z £ carries the oïl 
from the refervoir to the cavity 4 a a a, which 
contains the wick ; the tube o, 10, bringsthe air 
from the gazometer for keeping up the combuf- 
tion ; this air fpreads through the cavity d 44 4, 
and, by means of the paflages c € c c and bbbb 
35 diftributed on each fide of the wick, after the 
principles of the lamps conftruéted by Argand, 
Quinquet, and Lange. | 

To render the whole of this complicated ap- 
Paratus more eafily underftood, and that its de- 
“fcription may make all others of the fame kind 

more 
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more readily followed, it is reprefented, com- 
pletely connected together for ‘ufe, in PI. XI. 
The gazometer P furnifhes air for thé combuf- 
tion, by the tube and ftop-cock 1, 2 ; the tube 
2, 3, Communicates with a fecond gazometer, 
which is filled while the firft one is emptying du- 
ring the procefs, that there may be no interrup- 
tion to the combuftion ; 4, 5, is a tube of glafs 
filled with deliquefcent falts, for drying the air 
as much as poflble in its pafflage; and the 
weight of this tube and its contained falts, at 
the beginning of the experiment, being known, 
it is eafy to determine the quantity of water ab- 
forbed by them from the air. From this deli- 
quefcent tube, the air is conducted through the 
pipe 5, 6, 7, 8, 9, 10, to the lamp 11, where it 
fpreads on both fides of the wick, as before de- 
fcribed, and feeds the flame. One part of this 
air, which ferves to keep up the combuftion of 
the oil, forms carbonic acid gas and water, by 
oxygenating its elements. Part of this water 
condenfes upon the fides of the pitcher A, and 
another part is held in folution in the air, by 
means of caloric furnifhed during thecombuftion. 
This air is forced by the compreffon of the ga- 
zometer to pafs through the tube 12, 13, 14, 
15, into the bottle 16, and the worm 17, 18, 
where the water is fully condenfed from the re- 
frigeration of the air ; and, if any water ftill re- 

main 
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main in folution, it is abforbed by deliquefcent 
falts contained in the tube 19, 20. 

All thefe precautions are folely intended for 
collecting and determining the quantity of water 
formed during the experiment ; the carbonic acid 
and azotic gas remain to be afcertained. The 
former is abforbed by cauftic alkaline folution in 
the bottles 22 and 25. I have only reprefented 
two of thefe in the figure, but nine at leaft are 
requifite ; and the laft of the feries may be half 
filled with lime-water, which is the moft certain 
reagent for indicating the prefence of carbonic 
acid ; if the lime-water is not rendered turbid, 
we may be certain that no fenfible quantity of 
that acid remains in the air. 

The reft of the air which has ferved for com- 
buftion, and which chiefly confifts of azotic gas, 
though ftill mixed with a confiderable portion 
of oxygen gas, which has efcaped unchanged 
from the combultion, is carried through a third 
tube 28, 20, of deliquefcent falts, to deprive it 
of any moifture it may have acquired in the 
bottles of alkaline folution and lime-water, and 
from thence by the tube 29, 30, into a gazo- 
meter, where its quantity is afcertained. Small 
eflays are then taken from it, which äre expofed 
to a folution of fulphuret of potalh, to afcertain 
the proportions of oxygen and azotic gas it con- 
tains. 

Tn the combuftion of oils, the wick becomes 

at 
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at laft charred, and obftru@s the rife of the oil; 
befides, if we raife the wick above a certain 
height, more oil rifes through its capillary tubes 
than the ftream of air is capable of confuming, 
and fmoke is produced. Hence it is neceflary 
to be able to lengthen or fhorten the wick with- 
out opening the apparatus ; this is accomphfh- 
ed by means of the rod 31, 32, 33, 34, which: 
pafles through a leather-box, and is connected. 
with the fupport of the wick; and that the mo- 
tion of this rod, and confequently of the wick, 
may be regulated with the utmoft fmoothnefs. 
and facility, it is moved at pleafure by a pinion: 
which plays in a toothed rack. The rod, with. 
its appendages, are reprefented PI XII. Fig. 3.. 
It appeared to me, that the combuftion would be: 
affifted by furrounding the flame of the lamp: 
with a fmall glafs-jar open at both ends, as re 
prefented in its place in PI XI. 

1 fhall not enter into a more detailed defcrip-+ 
tion of the conftruétion of this apparatus, which: 
is ftill capable of being altered and modified im 
many refpeëts ; but fhall only add, that when it: 
is to be ufed in experiment, the lamp and refer= 
voir with the contained oil muft be accuratelys 
weighed, after which it is placed as before di. 
rected, and lighted ; having then formed the: 
connection between the air in the gazometert 
4nd the lamp, the external jar À, PI. XI. is fixe. 
ed over all, and fecured by means of the boardi 

BG, 
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BC, and by two rods of iron which connett this 
board with the lid, and are fcrewed toit. A 
{mall quantity of oil is burnt while the jar is ad- 
jufting to the lid, and the produét of that com- 
buftion is loft ; there is likewife a fmall portion 
of air from the gazometer loft at the fame time. 
Both of thefe are of very inconfiderable confe- 
quence in extenfve experiments, and they are 
even capable of being valued in our calculation 
of the refults. 

In a particular memoir, I fhall give an account 
to the Academy of the difficulties infeparable 
from this kind of experiments: Thefe are fo in- 
furmountable and troublefome, that I have not 
hitherto been able to obtain any rigorous deter- 
mination of the quantities of the produé&ts. I have 
 fufficient proof, however, that the fixed oils are 
entirely refolved during combuftion into water 
and carbonic acid gas, and confequently that 
they are compofed of hydrogen and carbon ; but 
I have no certain knowledge refpeéting the pro- 
portions of thefe ingredients. 


SECT. 
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D'UOTILECT: 


Df the Combuflion of Alcohol, 


The combuftion of alcohol may be very readi- 

y performed in the apparatus already defcribed 
for the combuftion of charcoal and phofphorus. 
À lamp filled with alcohol is placed under the 
jar À, PL IV. Fig. 3. a fmall morfel of phof- 
phorus is placed upon the wick of the lamp, 
which is fet on fire by means of the hot iron, as 
before diredted. This procefs is, however, li- 
able to confiderable inconveniency ; it is dan- 
gerous to make ufe of oxygen gas at the begin- 
ning of the experiment for fear of deflagration, 
which is even liable to happen when common 
air is employed. An accident of this kind had 
very near proved fatal to myfelf, in prefence of 
 fome members ofthe Academy. Inftead of prepa- 
ring the experiment, as ufual, at the time it was 
to be performed, I had difpofed every thing in or 
{ der the evening before ; theatmofpheric airof the 
| jar had thereby fufficient time to diflolve a good 
deal of the alcohol, and this evaporation had 
even been confiderably promoted by the height 
of the column of mercury, which I had raifed 
to EF, PL 1V. Fig. 3 The moment I attempt- 
ed 
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ed to fet the little morfel of phofphorus on fire 
by means of the red hot iron, a violent explofion 
took place, which threw the jar with great vio- 
lence againft the floor of the laboratory, and 
dafhed it in a thoufand pieces. 

Hence we can only operate upon very fmall 
quantities, fuch as ten or twelve grains of alco- 
hol, in this manner ; and the errors which-may 
be committed in experiments upon fuch fmall 
quantities prevent our placing any confidence in 
their refults. 1 endeavoured to prolong the com- 
buftion, in the experiments contained in the 
Memoirs of the Academy for 1784, p. 503. by 
lighting the alcohol firft in common air, and fur- 
nifhing oxygen gas afterwards to the jar, in pro- 
portion as it confumed ; but the carbonic acid gas 
produced by the procefs became a great hinder- 
ance to the combuftion, the more fo that alcohol 
is but difficultly combuftible, efpecially in worfe 
than common air; fo that even'in this way very 


_{mall quantities only could be burnt. 


Perhaps this combuftion might fucceed better 


in the oil apparatus, PI. XI. ; but I have not 


hitherto ventured to try it. The jar À in which 
the combuftion is performed, is near 1400 cubi- 


cal inches in dimenfon ; and, were an explofion 


to take place in fuch a 5 its confequences 
would be very terrible, and very difficult to 
guard againft. , I have not, however, defpaired 
of making the attempt, 

In 
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In confequence of thefe difficulties, I have 
been hitherto obliged to confine myfelf to expe- 
riments upon very fmall quantities of alcohol, at 
Jeaft to combuftions made in open veffels, fuch 
as that reprefented in PI. IX. Fig. 5. which will 
be defcribed in Se&tion VIL. of this Chapter. If 
Ï am ever able to remove thefe difficulties, I fhall 
refume this inveftigation. 


D ECG VE. 


Of the Combulftion of Ether. 


Though the combuftion of ether in clofe vef- 
fels does not prefent the fame difficulties as that 
of alcohol, yet it involves fome of a different kind, 
not more eafly ovércome, and which ftill pre- 
vent the progrefs of my experiments. 1 endea- 
voured to profit by the property which ether. 
poffeffes of diflolving in atmofpheric air, and be- 
ing thereby rendered inflammable without explo- 
fon. For this purpofe, I conftructed the refer. 
voir of ether abc d, PI XII. Fig. 8. to which air 
is brought from the gazometer by the tube 1, 2, 
3, 4 This air fpreads, in the firft place, in the 
double lid a cof the refervoir, from which it 
pañles through feven tubes e/, gp, ik, &c. which 
defcend to the bottom of the ether, and it is 

forced 
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forced, by the preflure of the gazometer, to boil 
up through the ether in the relervoir. We 
may replace the ether in this firft refervoir, in 
proportion as it is diffolved and carried off by 
the air, by means of the fupplementary refer- 
voir E, connected by a brafs tube fifteen or 
eighteen inches long, and fhut by a ftop-cock. 
This length of the connecting tube is to enable 
the defcending ether to overcome the refiftance, 
occafioned by the preflure of the air from the 
gazometer. 

The air, thus loaded with vapours of ether, 
is conducted by the tube 5, 6, 7, 8, 0, to the jar 
À, into which it is allowed to efcape through a 
capillary opening, at the extremity of which it is 
fet on fire. The air, when it has ferved the pur- 
pofe of combuftion, pañles through the bottle 16, 
PI. XI. the worm r7, 18, and the deliquefcent 
tube 19, 20, after which it paffes through the al- 
kaline bottles ; in thefe its carbonic acid gas is 
abforbed, the water formed during the experi- 
ment having been previoufly depofited in the 
- former parts of the apparatus. 

When I caufed conftru& this apparatus, I 
fuppofed that the combination of atmofpheric air 
and ether formed in the refervoir ab c d, PI. XII. 
Fig. 8. was in proper proportion for fupporting 
tombuftion ; but in this 1 was miftaken; for 
there is a very confiderable quantity of excefs of 
<ther ; fo that an additional quantity of atrno- 

Voz. II. K. fpheric 
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“fpheric air is neceffary to enable it to burn fully, 

Hence a lamp conftruéted upon thefe principles 
“will burn in the open air, which furnifhes the 
quantity of oxygen neceflary for combuftion, 
but will not burn in clofe veffels in which the 
air is not renewed. Owing to this circumftance, 
my ether lamp went out foon after being light- 
ed and fhut up in the jar A, PI. XII. Fig. 8. 
To remedy this defet, L endeavoured to bring 
atmofpheric air to the lamp by the lateral tube 
10, 15, 12, 13, 14, 15, which HE diftributed cir- 
cularly round the flame ; but the flame is fo ex- 
ceedingly rare, that it is blown out by the gentleft 
poflible ftream of air, fo that I have not hitherto 
fucceeded in burning ether. I do not, however, 
defpair of being able to accomplifh it by means 
of fome changes I am about to have made upon 
this apparatus. 


SECT.. VII. 


Of the Combuftion of Hydrogen Gas, and the For- 
mation of Water. 


In the formation of water, two fubftances, 
hydrogen and oxygen, which are both in the 
aëriform ftate before combaftion, are transform- 
ed into a liquid, or water, by the operation, 

| This 
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This experiment would be very eafy, and would 
only require very fimple inftruments, if it were 
poffible to procure the two gafes perfe&ly pure, 
fo that they might burn without any refiduum. 
We might, in that cafe, operate in very fmall 
veflels, and, by continually furnifhihg the two 
gales in proper proportions, might continue the 
combuftion indefinitely. But, hitherto, chemifts 
have only employed impure oxygen gas, mixed 
with azotic gas; from which circumftance they 
have only been able to keep up the combuftion 
of hydrogen gas for a very limited time in clofe 
veffeis, becaule, as the refiduum of azotic gas 
is continually increafñng, the air becomes at laft 
fo much contaminated, that the flame weakens 
and goes out. This inconvenience is fo much the 
greater in proportion as the oxygén gas employ- 
ed is lefs pure. From this circumftance, we 
muft either be fatisfied with operating upon fmall 
quantities, or muft exhauft the veffels at in- 
tervals, to get rid of the refiduum of azotic 
gas ; but, in this cafe, à portion of the water 
formed during the experiment is evaporated by 
the exhauftion ; and the refulting error is the 
more dangerous to the accuracy of the procefs, 
that we haye no certain means of afcertaining 
its value. 

Thefe confderations make me defirous to 
repeat the principal experiments of pneumatic 
chemiftry with oxygen gas entirely free from 

KE 2 any 
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any admixture of azotic gas; and this may be 
procured from oxygenated muriat of potafh. 
The oxygen gas extracted from this falt does 
not appear to contain azot, unlefs accidentally ; 
fo that by proper precautions, it may be ob- 
tained perfetly pure. In the mean time, the 
apparatus employed by Mr Meufnier and me 
for the combuftion of hydrogen gas, which is 
defcribed in the experiment for recompoñition 
of water, Part I. Chap. VIII. and need not there- 
fore be here repeated, will anfwer the purpofe ; 
when pure gafes are procured, this apparatus 
will require no alterations, except that the ca- 
pacity of the veflels may then be diminifhed, 
See PL IV. Fig. 5. 

The combuftion, when once begun, conti-. 
nues for a confiderable time, but weakens gra- 
dually, in proportion as the quantity of azotic. 
gas, remaining from the combuftion, increafes,, 
till at laft the azotic gas is in fuch over propor- 
tion that the combuftion can no longer be fup- 
ported, and the flame goes out. This fponta-. 
neous extinction muft be prevented, becaufe, as: 
the hydrogen gas is preffed upon in its refer-. 
voir, by an inch and a half of water, while the: 
oxygen gas fuffers a preflure only of three lines,, 
a mixture of the two would take place in the! 
balloon, which would at laft be forced, by the: 
fuperior preflure, into the refervoir of oxygenl 
gas: Wherefore the combuftion muft be ftop-. 

FN ped, , 
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ped, by fhutting the ftop-cock of the tube 4 Da 
whenever the flame grows very feeble ; for which 
purpofe it muft be attentively watched. 

There is another apparatus for combuftion, 
which, though we cannot with it perform expe- 
riments with the fame fcrupulous exactnefs as 
with the preceding inftruments, gives very ftri- 
king refults, that are extremelÿ proper ‘to be 
fhewn in courfes of philofophical chemiftry. It 
confifts of a worm EF, PI. IX. Fig. 5. contained 
in a metallic cooler ABCD. Tothe upper part 
of this worm EF, the chimney GH is fixed, which 
is compofed of two tubes, the inner of which is 
a continuation of the worm, and the outer oneis 
a cafe of tin-plate, which furrounds it at about 
an inch diftance, and the interval is filled up with 
fand. At the inferior extremity K of the inner 
tube, a glafs-tube is fixed, to which we adapt the 
Argand lamp LM for burning alcohol, &c. 

Things being thus difpofed, and the lamp 
being filled with a determinate quantity of alco- 
hol, it is fet on fire; the water which is formed 
during the combuftion rifes in the chimney KE, 
and being condenfed in the worm, runs out at 
its extremity F into the bottle P. The double 

“tube of the chimney, filled with fand in the in- 
terftice, is to prevent the tube from cooling in 
ats upper part, and condenfing the water ;. o- 
therwife, it would fall back in the tube, and we 
fhould not be able to afcertain its quantity, and 
K 3 befides 
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befides it might fall in drops upon the wick, 
and extinguifh the flame. The intention of this 
conftruction, is to keep the chimney always hot, 
and the worm always cool, that the water may 
be preferved in the ftate of vapour while ri- 
fing, and may be condenfed immediately upon 
getting into the defcending part of the appara- 
tus. By this inftrument, which was contrived 
by Mr Meufnier, and which is defcribed by me 
in the Memoirs ofthe Academy for 1784, p. 593. 
we may, with attention to keep the worm al- 
ways cold, colle nearly feventeen ounces of wa- 
ter from the combuftion of fixteen ounces of al- 
cohol, 


SEC. -VILE 
Of the Oxydation of Metals. 


The term oxydation, or calcination, is chiefig 
ufed to fignify the procefs by which metals ex- 
pofed to'a certain degree of heat are converted 
into oxyds, by abforbing oxygen from the air. 
This combination takes place in confequence of 
oxygen poflefling a greater affinity to metals, at 
a certain temperature, than to caloric, which 

becomes 
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becomes difengaged in its free flate; but, as 
this difengagement, when made in common air, 
is flow and progreflive, it is {carcely evident to 
the fenfes. It is quite otherwife, however, when 
exydation takes place in oxygen gas; for, being 
produced with much greater rapidity, it is ge- 
nerally accompanied with heat and light, fo as 
evidently to fhew that metallic fubftances are 
real combuñible bodies. 

All the metals have not the fame degree f 
affinity to oxygen. Gold, filver, and platina, for 
inftance, are incapable of taking it away from 
- its combination with caloric, even in the greateft 
known heat ; whereas the other metals abforb it 
in a larger or fmaller quantity, until the affinities 
of the metal to oxygen, and of the latter to calo- 
ric, are in exact equilibrium. Indeed, this flate 
of equilibrium of affinities may be afflumed as a 
general law of nature in all combinations. 

In all operations of this nature, the oxydation 
of metals is accelerated by giving free accefs to 
the air ; it is fometimes much affifted by joining 
the action of bellows, fo contrived as to direct a 
ftream of air over the furface ofthe metal. This 
procefs becomes greatly more rapid if a fiream 
of oxygen gas be ufed, which is readily done by 
means of the gazometer formerly defcribed. The 
metal, in this cafe, throws out a brilliant flame, 
end the oxydation is very quickly accomplifhed ; 
K 4 but 
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but this method can only be ufed in very con- 
fined experiments, on account of the expence of 
procuring oxygenegas. Intheeffay of ores, and 
in all the common operations of the laboratory, 
the calcination or oxydation of metals is ufually 
performed in a difh of baked clay, PI. IV. Fig. 
6. commonly called a roa/ling teff, placed in a 
ftrong furnacée. The fubftances to be oxydated' 
are frequently ftirred, on purpofe to prefent frefh 
furfaces to the air. 

Whenever this operation is performed upon a 
metal which is not volatile, and from which no- 
thing flies off into the furrounding air during the 
procefs, the metal acquires additional weight ; 
but the caufe of this increafed weight during 
oxydation could never have been difcovered by 
means of experiments performed in free air; 
and it is only fince thefe operations have been 
performed in clofe veffels, and in determinate 
quantities of air, that any juft conjectures have 
been formed concerning the caufe of this pheno- 
menon. The firft method for this purpofe is due 
to Dr Prieftley, who expofes the metal to be cal- 
cined in a porcelain cup N, PL IV. Fig. 11. pla- 
ced upon the ftand IK, under a jar A, inthe 
bafon BCDE, full of water ; the water is made 
to rife up to GH, by fucking out the air with a 
fyphon, and the focus of a burning-glafs is made 
to fall upon the metal. Ina few minutes the 

| | oxydation 
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oxydation takes places, a part of the oxygen con- 
tained in the air combines with the metal, anda 
proportional diminution of the volume of air is 
produced ; what remains is nothing more than 
azotic gas, ftill however mixed with a fmallquan- 
tity of oxygen gas. I have given an account of a 
feries of experiments made with this apparatus in 
my Phyfical and Chemical Effays, firft publifhed 
in 1773. Mercury may be ufed inftead of water 
in this experiment, whereby the refults are ren- 
dered ftill more conclufive. 

Another procefs for this purpofe was invented 
by Mr Boyle, and of which I gave an account 
in the Memoirs of the Academy for 1774, 
p.351. The metal is introduced into a retort, . 
PI. III. Fig. 20. the beak of which is hermeti- 
cally fealed ; the metal is then oxydated by 
means of heat applied with great precaution. 
The weight of the veflel, and its contained fub- 
ftances, is not at all changed by this procefs, 
_until the extremity of the neck of the retort is 
broken ; but, when that is doné, the external 
air rufhes in with a hifling noife. This opera- 
tion is attended with danger, unlefs a part of 
the aitñis driven out of the retort, by means of 
heat, before it is hermetically fealed, as other- 
wife the retort would be apt to burft by the di- 
lation of the air when placed in the furnace. 
The quantity of air driven out may be received 
under a jar in the pneumato-chemical appara- 

tus, 
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tus, by which its quantity, and that of the aix 
remaining in the retort, is afcertained, I have 
not multiplied my experiments upon oxydation 
of metals fo much as 1 could have wifhed ; nei- 
ther have I obtained fatisfactory refults with any 
metal except tin. It is much to be wifhed that 
fome perfon would undertake a feries of experi- 
ments upon the oxydation of metals in the feve- 
ral gafes ; the fubject is important, and would 
fully repay any trouble which this kind of expe- 
riment might occafion. 

As all the oxyds of mercury are capable of 
xevivifying without addition, and reftore the 
oxygen gas they had before abforbed, this 
feemed to be the moft proper metal for beco- 
ming the fubjeét of conclufive experiments up- 
on oxydation. Î formerly endeavoured to ac- 
complifh the oxydation of mercury in clofe vef- 
{els, by filling a retort, containing a fmall quan- 
tity of mercury, with oxygen gas, and adapting 
a bladder half full of the fame gas to its beak ; 
See PLIV. Fig. 12. Afterwards, by heating 
the mercury in the retort for a very long time, 
1 fucceeded in oxydating a very fmall portion, 
fo as to forma little red oxyd floating upon the 
furface of the running mercury ; but the quan- 
tity was fo fmall, that the fmalleft error com- 
mitted in the determination of the quantities of 
oxygen gas before and after the operation, muft 


Hhave thrown very great uncertainty upon the 
refults 
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refuits of the experiment. 1 was, befides, dif. 
fatisfied with this procefs, and not without caufe, 
left any air might have efcaped through the pores 
of the bladder, more efpecially as it becomes fhri- 
velled by the heat of the furnace, unlefs covered 
over with cloths kept conftantly wet. 

This experiment is performed with more cer- 
tainty in the apparatus defcribed in the Me 
moirs of the Academy for 1775, p. 580. This 
confifts of a retort, À, PI. IV. Fig. 2. having a 
crooked glafs-tube BCDE of ten or twelve lines 
internal diameter, melted on to its beak, and 
which is engaged under the bell-plafs FG, 
ftanding with its mouth downwards, in a bafon 
filled with water or mercury. The retort is 
placed upon the bars of the furnace MMNN, 
PI. IV. Fig. 2. or in a fand-bath, and bÿ means 
of this apparatus we may, in the courfe of feve- 
ral days, oxydate a fmall quantity of mercury in 
common air; the red oxyd floats upon the fur- 
. face, from which it may be colleéted and revived, 
fo as to compare the quantity of oxygen gas ob- 
tained in revivification with thé abforption which 
took place during oxydation. This kind ofexpe- 
riment çan only be performed upon a fmall fcale, 
fo that no very certain conclufions can be drawn 
from it *, 

The 


* See an account of this experiment, Part I. Chap. üi- 
À, 


156 ELEMENTS 


2 The combuftion of iron in oxygen gas being 
a true .oxydation of that metal, ought to be 
mentioned in this place. The apparatus em- 
ployed. by Mr Ingenhoufz for this operation is 
reprefented in PI. IV. Fig. 17.; but, having al- 
ready defcribed_ it fufficiently in Chap. IIl., I 
fhall refer the reader to what is faid of it in that 
place. , Iron may likewife be oxydated by com- 
buftion in veffels filled with oxygen gas, in the 
way already direted for phofphorus and char- 
coal. . This apparatus is reprefented PI IV. 
Fig. 3. and defcribed in the fifth chapter of the 
firft part of this work... We learn from Mr In- 
genhoufz, that all the metals, except gold, fil- 
ver, and mercury, may be burnt or oxydated in 
the fame manner, by reducing them into very 
fine wire, or very thin plates cut into narrow 
flips; thefe are twifted round with iron-wire, 
which communicates the property of burning to 
the other metals. 

: Mercury is even difficultly oxydated in free 
air. In chemical laboratories, this procefs is 
ufually carried on in a matrafs A, PI. IV. Fig. 10. 
having a very flat body, and a very long neck 
BC, which veflel is commonly called Boyles 
bell. : À quantity of mercury is introduced fuf- 
ficient to cover the bottom, and it is placed in 
a fand-bath, which keeps up a conftant heat 
approaching to that of boiling mercury. By 
continuing this operation with five. or fix fimi- 

lac, 
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lar matrafles during feveral months, and renew- 
ing the mercury from time to time, a few oun- 
ces of red oxyd are at laft obtained. ‘The great 
flownefs and inconvenience of this apparatus a- 
rifes from the air not being fufliciently renewed ; 
but if, on the other hand, too free a circulation 
were given to the external air, it would carry off 
the mercury in folution in the ftate of vapour, 
{o that in a few days none would remain in the 
vefrel. 

As, of all the experiments upon the oxydation 
of metals, thofe with mercury are the moft con- 
clufive, it were much to be wifhed that a fimple 
apparatus could be contrived by which this oxy- 
dation and its refults might be demonftrated in 
public courfes of chemiftry. This might, in my 
opinion, be accomplifhed by methods fimilar to 
thofe I have already defcribed for the combuftion 
of charcoal and the oils; but, owing to other 
purfuits, 1 have not been able hitherto to refume 
this kind of experiment. 

The oxyd of mercury revives without aaai- 
tion, by being heated to a flightly red heat. In 
this degree of temperature, oxygen has greater 
aflinity to caloric than to mercury, and forms 
oxygen gas. This is always mixed with a fimall 
portion of azotic gas, which indicates that the 
mercury abforbs a fmall portion of this latter 
gas during oxydation, It almoft always con- 
tains a little carbonic acid gas, which muft un- 

doubtedly 
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doubtedly be attributed to the foulneffes of thè 
oxyd ; thefe are charred by the heat, and con: 
vert a part of the oxygen gas into carbonic a- 
cid. 3 
If chemifts were reduced to the neceffity of 
procuring all the oxygen gas, employed in their 
experiments, from mercury oxydated by heat 
without addition, or, as it is called, calcined or 
precipitated per fe, the exceflive dearnefs of that 
preparation would render experiments, even up- 
on a moderate fcale, quite impracticable. But 
mercury may likewife be oxydated by means of 
nitric acid ; and in this way we procure a red 
oxyd, even more pure than that produced by 
calcination. I have fometimes prepared this 
oxyd by diflolving mercury in nitric acid, eva- 
porating to drynefs, and calcining the falt, ei- 
ther in a retort, or in capfules formed of pieces 
of broken matrafles and retorts, in the manner 
formerly defcribed ; but I have never fucceed- 
ed in making it equally beautiful with what is 
old by the druggifts, and which is, I believe, 
brought from Holland. In choofing this, we 
ought to prefer what is in folid lumps, compo- 
fed of foft adhering fcales, as when in powder 
it is fometimes adulterated with red oxyd of 
lead. 

To obtain oxygen gas from the red oxyd of 
mercury, Î ufually employ a porcelain-retort, 
having a long glafs-tube adapted to its beak, 

| which 
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#hich is engaged under jars in the water pneu- 
mato-chemical apparatus ; and I pla e a bottle 
in the water, at the end of the tube, for recei- 
ving the mercury, in proportion as it revives and 
diftils over. As the oxygen gas never appears 
till the retort becomes red, it ieems to prove the 
principle eftablifhed bÿ Mr Berthollet, that an 
obfcure heat can never form oxygen gas, and that 
light is one of its conftituent elements. We 
muft rejett the firft portion of gas which comes 
over, as being mixed with common air, from 
what was contained in the retort at the begin- 
ning of the experiment ; but, even with this pre- 
caution, the oxygen gas procured is ufually con- 
taminated with a tenth part of azotic gas, and 
with a very fmall portion of carbonic acid gas. 
This latter is readily got rid of, by making the 
gas pafs through a folution of cauftic alkali, but 
we know of no method for feparating the azotic 
gas; its proportions may however be afcertained, 
by leaving a known quantity of the oxygen gas 
contaminated with it for a fortnight, in contact 
with fulphuret of foda or potafh, which abforbs 
the oxygen gas, and converts the fulphur into 

fulphuric acid, leaving the azotic gas pure. 
We may likewile procure oxygen gas from 
“black oxyd of manganele, or from nitrat of pot- 
afh, by expofing them to a red heat, in the appa- 
ratus already defcribed for operating upon red 
&xyd of mercury ; only, as it requires fuch a 
heat 
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heat as is at leaft capable of foftening glafs, we 
muft employ retorts of ftone or of porcelain. But 
the pureft and beft oxygen gas is what is difen- 
gaged from oxygenated muriat of potafh by fim- 
ple heat. This operation is performed in a glafs- 
retort, and the gas obtained is perfeétly pure, 
provided that the firft portions, which are mixed 
with the common air of the veffels, be rejected. 


CHAP. 
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" CHAP. IX. 


Of Defagration. 


Have already fhewn, Part I. Chapter IX. 

that oxygen does not always part with the 
whole of the caloric it contained in the ftate of 
gas, when it enters into éombination with other 
bodies. It carries almoft the whole of its caloric 
along with it on entering into the combinations 
which form nitric acid and oxygenated muriatic 
acid ; fo that in nitrats, and more efpecially in 
_oxygenated muriats, the oxygen is, in a certain 
degree, in the ftate of oxygen gas, condenfed, 
and reduced to the fmalleft volume it is capable 
of occupying. | 

In thefe combinations, the caloric exerts a 
conftant ation upon the oxygen, to bring it 
.back to the ftate of gas ; hence the oxygen ad- 
heres but very flightly, and the fmalleft addi- 
tional force is capable of fetting it free ; and, 
when fuch force is applied, it often recovers the 
fate of gas inftantaneoufly. This rapid paflage 
- from the folid to the aëriform ftate is called de- 
tonation, or fulmination, becaufe it is ufually 
accompanied with noife and explofion. Defla- 
grations are commonly produced by means of 
combinations of charcoal, either with nitre or 
Vo. II. L with 
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with oxygenated muriat of potafh ; fometimes, to 
affift the inflammation, fulphur is added ; and, 
upon the juft proportion ofthefe ingredients, and 
the proper manipulation of the mixture, the art 
of making gun-powder depends. 

As oxygen is changed by deflagration with 
charcoal, into carbonic acid, inftead of oxygen 
gas, carbonic acid gas is difengaged, at leaft 
_ when the mixture has been made in juft propor- 
tions. In deflagration with nitre, azotic gas is 
likewife difengaged, becaufe azot is one of the 
conftituent elements of nitric acid. 

The fudden and inftantaneous difengagement 
and expanfon of thefe gafes is not, however, 
fufficient for explaining all the phenomena of de- 
flagration ; becaufe, if this were the fole opera- 
ting powder, gun-powder would always be fo 
much the ftronger in proportion as the quantity 
of:gas difengaged in a given time was the more 
confiderable, which does not always accord with 
experiment. : 1 have tried fome kinds which 
produced: almoft double the effet of ordinarÿ 
gun-powder, although they gave out a fixth part 
lefs of gas during deflagration. It would appear : 
that the quantity of caloric difengaged at the 
moment of detonation contributes confiderably 
to the expanfive effects produced ; for, although 
caloric penetrates freely through the pores of 
every body in nature, it can only do fo progref: 
fively, and in a given time: hence, when the 

AS quantity 
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duantity difengaged at once is too large to get 
through the pores of the fürrounding bodies, it 
fuft neceflarily aét in the fame way with ordi- 
ary elaftic fluids, and muft overturn every thing 
that oppolfes its paffage. This muft, at leaft in 
part, take place when gun-powder is fét on fire 
in a cannon ; as, although the metäl is permeable 
to calorié, the quantity difengaged at once is 
too large to find its way through the pores of 
the metal; it muft therefore make an effort to 
efcape on every fide; and, as the refiftance all 
around, excepting towards the muzzle, is too 
great to be overcome, this effort is neceflarily 
employed for expelling the bullet. 

The caloric produces a fecond effet, by 
means of the repulfivé force exerted between 
its particles ; it caufes the gafes, difengaged at 
the moment of deflagration, to éxpand with a 
degree of force proportioned to the temperature 
produced. 

It i$ very probable, that water is decompofed 
during the deflagration of gun-powder, and that 
part of the oxygen furnifhed to the nafcent car- 
bonic acid gas is produced from it. If fo, a 
confiderablé quantity of hydrogen gas muft be 
difengaged in the inftant of deflagration, which 
éxpands, and contributes to the force of the ex- 
plofion: It may readily be conceived how great- 
ly this circumftance muft increafe the effe& of 
powder, if we confider that a pint-of-hydrogen 

s L 2 gas 
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gas weighs only one grain and two-thirds ; 
hence a very fmall quantity in weight muft oc- 
cupy a very large fpace, and it mutt exert a 
prodigious expanfive force in pafling from the 
liquid to the aëriform ftate of exiftence. | 

In the laft place, as a portion of undecom- 
sai watet 1s reduced to vapour during the 
deflagration of gun-powder, and as water, in 
the flate of gas, occupies feventeen or eighteen 
hundred times more fpace than in its liquid ftate, 
this circumftance muft likewife contribute large- 
ly to the explofive force of the powder. 
. Ï have already made a confiderable feries of 
experiments upon the nature-of the elaftic fluids 
difengaged during the deflagration of nitre with 
charcoal and fulphur, and have made fome, 
likewife, with the oxygenated muriat of potafh. 
This method of inveftigation leads to tolerably 
accurate conclufions with refpect to the confti- 
tuent elements of thefe falts. Some of the prin- 
cipal refults of thefe experiments, and of the 
confequences drawn from them refpecting the 
analyfis of nitric acid, are reperted in the col- 
lection of Memoirs prefented to the Academy : 
by foreign philofophers, vol. xi. p. 625. Since 
then I have procured more convenient inftru- 
ments, and I intend to repeat thefe experiments 
upon à larger fcale, by which I fhall procure 
more accurate precifion in their refults; the fol- 
lowing, however, is the procefs L have hitherto 

employed. 
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émployed. I would very earneftly advife fuch 
as intend to repeat fome of thefe experiments, 
to be very much upon their guard in operating 
4 any mixture which contains nitre, char- 
oal and fulphur, and more efpecially with thofe 
in which oxygenated muriat of potafh i is st 
with thefe two materials. 
Ï make ufe of piftol-barrels, about fix racfes 
long, and of five or fix lines diameter, having 
the touch-hole fpiked up with an iron-nail 
ftrongly driven in, and broken in the hole, and 
a little tin-fmith’s folder run in to prevent any 
poffible iffue for the air. Thefe are charged 
with a mixture of known quantities of nitre and 
charcoal, or any other mixture capable of de- 
flagration, reduced to an impalpable powder, 
and formed into a paîte with a moderate quan- 
tity of water. Every portion of the materials 
introduced muft be rammed down with a ram- 
mer nearly of the fame caliber with the barrel, 
#our or five lines at the muzzle muft be left 
empty, and about two inches of quick match 
are added at the end of the charge. The only 
difficulty in this experiment, efpecially when ful- 
phur 1s contained in the mixture, is to difcover 
_ the proper degree of moiftening; for, if the 
pafte be too much wetted, it will not take fire, 
and if too dry, the deflagration is apt to become 
too rapid, and even dangerous. 
L 3 When 
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When the experiment is not intended to be 
rigoroufly exaû, we fet fire to the match, and, 
when it is juft about to communicate with the 
charge, we plunge the piftol below a large bell- 
glafs full of water, in the pneumato:chemical 
apparatus. The deflagration begins, and conti- 
nues in the water, and gas is difengaged with 
lefs or more rapidity, in proportion as the mix- 
ture is more or lefs dry. So long as the defla- 
gration continues, the muzzle of the piftol muft 
be kept.fomewhat inclined downwards, to pre- 
vent the water from getting into its barrel. In 
this manner I have fometimes colleéted the gas 
produced from the deflagration of an ounce and 
half, or two ounces, of nitre. 

In this manner of operating, it is impofñlible to 
determine the quantity of carbonic acid gas dif- 
engaged, becaufe à part of it is abforbed by the 
water while paffing through it; but, when the 
carbonic acid is abforbed, the azotic gas re- 
mains ; and, if it be agitated for a few minutes 
in cauftic alkaline folution, we obtain it pure, 
and can eafily determine its volume and weight. 
We may even, in this way, acquire a tolerably 
exa knowledge of the quantity of carbonic 
acid by repeating the experiment a great many 
times, and varying the proportions of charcoal, 
till we find the exaû quantity requifite to defla- 
grate the whole nitre employed. Hence, by 


means of the weight of charcoal employed, we 
determine 
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determine the weight of oxygen neceffary for 
faturation, and deduce the quantity of oxygen 
contained in a given weight of nitre. 

I have ufed another procefs, bÿ which the 
refults of this experiment are confiderably more 
accurate, which confifts in receiving the difen- 
gaged gafes in bell-glaffes filled with mercury. 
The mercurial apparatus I employ is large 
enough to contain jars of from twelve to fifteen 
pints in capacity, which are not very readily 
managed when full of mercury, and even re- 
quire to be filled by a particular method. When 
the jar 1s placed in the ciftern of mercury, a 
glafs-fyphon is introduced, connected with a 
£mall air-pump, by means of which the air is 
exhaufted, and the mercury rifes fo as to fill the 
jar. After this, the gas of the deflagration is 
made to pañs into the jar in the fame manner as 
directed when water is employed. 

I muft again repeat, that this fpecies of ex- 


periment requires to be performed with the 
- greateft poffible precautions. 1 have fometimes 


feen, when the difengagement of gas proceeded 
with too great rapidity, jars filled with more than 
an hundred and fifty pounds of mercury driven 
off by the force of the explofion, and broken to 
pieces, while the mercury was fcattered about 


in great quantities. 


When the experiment has fucceeded, and the 
ges is colleted under the jar, its quantity in 
L 4 general, 
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general, and the nature and quantities of the fe- 
veral fpecies of gafes of which the mixture is 
compofed, are accurately afcertained by the me- 
thods already pointed out in the fecond chapter 
of this part of my work. I have been prevent- 
ed from putting the laft hand to the experi- 
ments I had begun upon deflagration, from their 
connection with the objects I am at prefent en- 
gaged in; and J am in hopes they will throw 
confiderable light upon the operations belong- 
ing to the manufacture of gun-powder. 
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CAP". XX) 


Of the Infiruments neceffury for Operating upon 
Bodies in very high Temperatures. 


SECT. L 


Of Fafion. 


_… 


E have already feen, that by aqueous fo- 
lution, in which the particles of bodies 
are feparated from each other, neither the fol- 
vent nor the body held in folution are at all de- 
compofed ; fo that, whenever the caufe of fe- 
‘ paration ceafes, the particles reunite, and the fa. 
line fubftance recovers precifely the fame appear- 
ance and properties it poflefled before folution. 
Real folutions are produced by fire, or by in- 
troducing and accumulating a great quantity of 
caloric between the particles of bodies ; and this 
fpecies of folution in caloric is ufually called fu- 
Jion. 
This operation is commonly performed in 
veffels called crucibles, which muft neceffarily 


be 
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be lefs fufible than the bodies they are intended 
to contain. Hence, in all ages, chemifts have 
been extremely folicitous to procure crucibles 
of very refractory materials, or fuch as are ca- 
pable of refifting a very high degree of heat, 
he beft are made of very pure clay or of por- 
celain earth ; whereas fuch as are made of clay 
mixed with calcareous or filiceous earth are very 
fufible. All the crucibles made in the neigh- 
bourhood of Paris are of this kind, and are con- 
fequently unfit for moft chemical experiments. 

The Heffian crucibles are tolerably good ; but 
the beft are made of Limoges earth, which 
feems abfolutely infufible. We have, in France, 
a great many clays very fit for making cruci- 
bles ; fuch, for inftance, is the kind ufed for ma- 
king melting-pots at _ ee manufatory of St 
Gobin. 

Crucibles are made of various forms, accord- 
ing to the operations they are intended to per- 
form. Several of the moft common kinds are 
reprefented PI. VII Fig. 7, 8, 9, and 10.; the 
one reprefented at Fig. 9. is almoft fhut at its 
mouth. DER, 

Though fufion may often take place without 
changing the nature of the fufed body, this ope- 
ration is frequently employed asachemical means 
of decompofng and recompounding bodies. In 
this way all the metals are extraéted from their 
ores; and, by this procefs, they are revived, 

moulded, 
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moulded, and alloyed with each other. By this 
procefs fand and alkali are combined to form 
glafs, and by it likewife pañtes, or coloured ftones, 
enamels, &c. are formed. 

The a@ion of violent fire was much more fre- 
quently employed by the ancient chemifts than 
it is in modern experiments. Since greater pre- 
cifion has been employed in philofophical re- 
fearches, the bumid has been preferred to the 
dry method of procefs, and fufon is feldom had 
recourfe to until all the other means of analyfis 
have failed. ÿ 


SRG TT. IE 


Of Furnaces. 


Thefe are inftruments pf moft univerfal ufe 
in chemiftry ; and, as the fuccels of a great 
number of experiments depends upon their be- 
mg well or ill conftruéted, it is of great import- 
_ance that a laboratory be well provided in this 
refpect. A furnace is a kind of hollow cylindri- 
cal tower, fometimes, widened above, PI. XIII. 
Fig. r. ABCD, which muft have at leaft two 
lateral openings ; one in its upper part F, which 
LE the door of the fire-place, and one below, G, 

leading 
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leading to the afh-hole. Betwéen thefe the fur- 
nace is divided by a horizontal grate intended 
for fupporting the fuel, the fituation of which 
is marked in the figure by the line HI. Though 
this be the leaft complicated of all the chemical 
furnaces, yêt it 1s applicable to a great number 
of purpofes. By it lead, tin, bifmuth, and, in 
general, every fubftance which doés not require 
a very ftrong fire, may be melted in crucibles ; 
it will férvé for métallic oxydations, for evapo- 
ratory vVeflels, and for fand-baths, as in PI. III. 
Fig. 1. and 2. To render it proper for thefe 
purpofes, feveral notches, #mmm, PI. XIII. 
Fig r. are made in its upper edge, as otherwife 
any pan which might be placed over the fire 
would ftop the paflage of the air, and prevent 
the fuel from burning. This furnace can only 
produce a moderate degree of heat, becaufe the 
quantity of charcoal it is capable of confuming 
is limited by the quantity of air which is allow- 
ed to pafs through the opening G of the afh- 
hole. Its power might be confiderably aug- 
mented by enlarging this opening, but then the 
great fteam of air which is convenient for fomé 
operations might be hurtful in others; where- 
fore we muft have furnaces of different forms, 
conftructed for different purpofes, in our labo- 
ratories : There ought efpeciallÿ to be feveral 
of the kind now defcribed of different fizes. 

|: Thé 
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The reverberatory furnace, PL XIII. Fig. 2. 
is perhaps more neceflary. This, like the com- 
mon furnace, is compofed of the afh-hole HIKL, 
the fire-place, KLMN, the laboratory, MNOP, 
and the dome RRSS, with its funnel or chim- 
ney TTVV; and to this laft feveral additional 
tubes may be adapted, according to the nature 
of the different experiments. The retort À is 
placed in the divifion called the laboratory, and 
is fupported by two bars of iron which run 
acrofs the furnace, and its beak comes out ata 
round hole in the fide of the furnace, one-half 
of which is cut in the piece called the labora- 
tory, and the other in the dome. In moft of 
the ready made reverberatory furnaces which 
are fold by the potters at Paris, the openings 
both above and below are too fmall: Thefe do 
not allow a fufhcient volume of air to pafs 
through ; hence, as the quantity of charcoal 
confumed, or, what is much the fame thing, 
the quantity of caloric difengaged, is nearly in 
proportion to the quantity of air which paffes 
through the furnace, thefe furnaces do not 
produce a fufficient effet in a great number of 
experiments. To remedy this defect, there 
-ought to be two openings GG to the afh-hole ; 
one of thefe is fhut up when only a moderate 
fire is required ; and both are kept open when 
the ftrongeit power of the furnace is to be 
exerted, The opening of the dome SS ought 

Lkewife 
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likewile to be confiderably larger than it is ufu- 
. ally made. 

It is of great importance not to employ ré- 
torts of too large fize in proportion to the fur- 
nace, as a fufficient fpacé ought aiways to be al: 
. lowed for the paflage of the air between the 
fides of the furnace and the veflel. The retort 
A inthe figure is too fmall for the fize of thé 
furnace, yet I find it more eafy to point out the 
error than to correctit. The intention of thé 
dome is to oblige the flame and heat to furround 
and ftrike back or reverberate upon every part 
of the retort, whence the furnace gets the name 
of reverberatory. Without this circumftance 
the retort would only be heated in its bottom, 
the vapours raifed from the continued fubftance 
would condenfe in the upper part, and a conti: 
nual cohobation would take place without any 
thing pafling over into the receiver; but, by 
means of this dome, the retort is equally heated 
in every part, and the vapours being forced out, 
can only condenfe in the neck of the retort, ot 
in the recipient. 

To prevent the bottom of the rétort from be- 
ing either heated or cooled too fuddenly, it is 
fometimes placed in a fmall fand-bath of baked 
clay, ftandmg upon the crofs bars of the fur- 
nace. Likewife, in many operations the retorts 
are coated over with lutes, fome of which are in: 
tended to preferve them from the too fudden 

influence 
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influence of heat or of cold, while others are for 
fuftaining the glafs, or forming a kind of fecond 
retort, which fupports the glafs one during ope- 
rations wherein the ftrength of the fire might 
foften it. The former is made of brick-clay 
with a little cows hair beat up along with it, 
into a pafte or mortar, and fpread over the glafs 
or ftone retorts. The latter is made of pure 
clay and pounded ftone-ware mixed together, 
and ufed in the fame manner. This dries and 
hardens by the fire, fo as to form a true fupple- 
mentary retort capable of retaining the materials, 
if the glafs-retort below fhould crack or foften. 
But, in experiments which are intended for col- 
lecting gafes, this lute, Au. porous, is of no 
manner of ufe. 

In a great many experiments, wherein very 
violent fire is not required, the reverberatory 
furnace may be ufed as a melting one, by lea- 
ving out the piece called the laboratory, and 
placig the dome immediately upon the fire- 
place, as reprefented PI. XIII. Fig. 3. The 

‘ furnace reprefented in Fig. 4. is very convenient 
for fufons ; it is compofed of the fire-place and 
afh-hole ABD, without a door, and having a 
“hole E, which receives the muzzle of a pair of 
bellows ftrongly luted on, and the dome ABGH, 
Which ought to be rather lower than is repre- 
fented in the figure. This furnace is not ca- 
pable of producing a very ftrong heat, but is 

fufficient 
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fufficient for ordinary operations, and may be 
readily moved to any part of the laboratory 
where it is wanted. Though thefe particular 
furnaces are very convenient, every laboratory 
 muft be provided with a forge-furnace, having 
a good pair of bellows, or what is more necef- 
fary, a powerful melting furnace. I fhall de- 
fcribe the one I ufe, with the principles hpou 
which it is conftruéted. 
The air circulates in a furnace in confequence 
of being heated in its paffage through the burn- 
ing coals ; it dilates, and, becoming lighter than 
the furrounding air, is forced to rife upwards 
by the preflure of the lateral columns of air, 
and is replaced by frefh air from all fides, efpe- 
cially from below. This circulation of air even 
takes place when coals are burnt in a common 
chafing-difh ; but we can readily conceive, 
that, in a furnace open on all fides, the mafs of 
air which pañles, all other circumftances being 
equal, cannot be fo great as when it is obliged 
to pafs through a furnace in the fhape of a hol- 
low tower, like moft of the chemical furnaces, 
and confequentiy that the combuftion muft be. 
more rapid in a furnace of this latter conftruc- 
tion. Suppofe, for inftance, the furnace ABCDEF 
(Fig. 5.) open above, and filled with burning 
coals, the forçe with which the air paffes through 
the coals will be in proportion to the difference 
between the fpecific gravity.of two. columns 
equal 
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equal to AC, the one of cold air without, and 
the other of heated air within the furnace. 
There muft be fome heated air above the open- 
ing AB, and the fuperior levity of this ought 
likewife to be taken into confideration; but, as 
this portion is continually cooled and carried 
off by the external air, it cannot re any 
great effect. + 

But, if we add to this furnace a large hollow 
tube GHAB of the fame diameter, which pre- 
ferves the air which has been heated by the 
burning coals from being cooled and difperfed 
by the furrounding air, the difference of fpecific 
gravity which caufes thecirculation will then be 
between two columns equal to GC. Hence, if 
GC be three times the length of AC, the cir- 
culation will have treble force. This is upon 
the fuppoñition that the air in GHCD is as 
much heated as what is contained in ABCD, 
which is not ftriétly the cafe, becaufe the heat 
muft decreafe between AB and GH; but, as 
the air in GHAB is much warmer than the ex- 
ternal air, it follows, that the addition of the 
tube muft increafe the rapidity of the ftream of 
air, that a larger quantity muft pafs through 
the coals, and confequently that a greater de- 
gree of combuftion muft take place. 

We muft not, however, conclude from thefe 
principles, that the length of this tube ought to 
be indefinitely prolonged ; for, fince the heat of 

M the 


178 ELEMENTS 


the air gradually diminifhes in paffing from AB 
to GH, even from the contaë of the fides of the 
tube, if the tube were prolonged to a certain 
degree, we would at laft come to a point where 
the fpecific gravity of the included air would be 
equal to the air without ; and, in this cafe, as 
the cool air, would n6 longer tend to rife up- 
wards, it ot become a gravitating mafs, re- 
fifting the afcenfion of the air below. Befides, 
as this air, which has ferved for combuftion, is 
neceffarily mixed with carbonic acid gas, which 
is confiderably heavier than common air, if the 
tube were made long enough, the air might at 
laft approach fo near to the temperature of the 
external air, as even to gravitate downwards; 
hence we muft conclude, that the length of the 
tube added to a furnace muft have fome limit, 
beyond which it weakens, inftead of ftrengthen- 
ing, the force of the fire. 

From thefe refle&tions it follows, that the firft 
foot of tube added to a furnace produces more 
effeét than the fixth, and the fixth more than 
the tenth; but we have no data to afcertain at 
what height we ought to ftop. This limit of 
ufeful addition is fo much the farther in propor- 
tion as the materials of the tube are weaker con- 
du&tors of heat, becaufe the air will thereby be 
fo much lefs cooled ; hence baked earth is 
much preferable to plate iron. It would be 
even of confequence to make the tube double, and 
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+o fill the interval with rammed charcoal, which 
is one of the worft known conduétors of heat ; 
by this the refrigeration of the air will be retard- 
ed, and the rapidity of the ftream of air confe- 
quently increafed ; and, by this means, the tube 
may be made fo much the longer. 

As the fire-place is the hotteft part of a fur- 
nace, and the part where the air is moft dilated 
in its paflage, this part ought to be made with a 
confiderable widening or belly. This is the 
* more neceffary, as it is intended to containthe 
charcoal and crucible, as well as for the pañlage 
of the air which fupports, or rather produces 
the combuftion ; hence we only allow the inter- 
flices between the coals for the pañlage of the 
air. | 

From thele principles my melting furnace is 
conftruéted, which I believe is at leaft equal in 
power to any hitherto made, though I by no 
means pretend that it pofleffes the greateft pof- 
fible intenfity that can be produced in chemical 
furnaces. The augmentation of the volume of 
air produced during its paflage through a melt- 
ing furnace not being hitherto afcertained from 
experiment, we are fill unacquainted with the 
. proportions which fhould exift between the in- 
ferior and fuperior apertures, and the abfolute 
fize of which thele openings fhould be made is 
fill lefs underftood; hence data are wanting 
by which to proceed upon principle, and we 
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can only accomplifh the end in view by repeat 
ed trials. 1 
This furnace, which, according to the above- 
ftated rules, is in form of an elliptical fpheroïd, 
is reprefented PI. XIIL. Fig. 6. ABCD ; it is cut 
off at the two ends by two plains, which pals, 
perpendicular to the axis, through the foci of 
the ellipfe. From this fhape it is capable of 
containing a confiderable quantity of charcoal, 
. while it leaves fufficient fpace in the intervals 
_ for the paffage of the’ aim That no obftacle 
may oppofe the free accefs of external air, it is 
perfectly open below, after the model of Mr 
Macquer’s melting furnace, and ftands upon an 
iron tripod. The grate is made of flat bars fet. 
on edge, and with confiderable interftices. To 
the upper part is added a chimney, or tube, of 
baked earth, ABFG, about eighteen feet long, 
and almoft half the diameter of the furnace. 
Though this furnace produces a greater heat 
than any hitherto employed by chemifts, it is 
ftill fufceptible of being confiderably increafed 
in power by the means already mentioned, the 
principal of which is to render the tube as bad 
a conduétor of heat as poflible, by making it 
double, and filling the interval with rammed 
charcoal. à 
When it is required to know if lead contains 
any mixture of gold or filver, it is heated in a 
ftrong fire in capfules of calcined bones, which 
are 
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are called cuppels. The lead is oxydated, be: 
comes vitrified, and finks into the fubftance of 
the cuppel, while the gold or filver, being in- 
capable of oxydation, remain pure. As lead 
will not oxydate without free accefs of air, this 
operation cannot be performed in a crucible 
placed in the middle of the burning coals of a 
furnace, becaufe the internal air, being moftly 
already reduced by the combuftion into azotic 
and carbonic acid gas, is no longer fit for the 
oxydation of metals. . Ît was therefore neceflary 
to contrive a particular apparatus, in which the 
metal fhould be at the fame time expoled to the 
influence of violent heat, and defended from con- 
ta@ with air rendered incombuftible by its paf- 
fage through burning coals. 

The furnace intended for anfwering this dou- 
ble purpofe is called the cuppelling or effay fur- 
nace. It is ufuallÿy made of a fquare form, as 
reprefented PI. XIII. Fig. 8. and 10. having an 
afh-hole AABB, a fire-place BBCC, a laboratory 
CCDD, and a dome DDEE. The mufñffle ox 
fmall oven of baked earth GH, Fig. 9. being 
placed in the laboratory of the furnace upon 
crofs bars of iron, is adjufted to the opening GG, 
and luted with clay foftened in water. The cup- 
pels are placed in this oven or muffle, and char- 
coal is tonveyed into the furnace through the 
openings of the dome and fire-place. The ex. 
ternal air enters through the openings of the afh- 
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hole for fupporting the combuftion, and efcapes 
by the fuperior opening or chimney at EE ; and 
air is admitted through the door of the muf. 
fle GG for oxydating the contained metal. 

Very little refleétion is fufficient to difcover 
the erroneous principles upon which this fur- 
nace is conftruted. When the opening GG is 
fhut, the oxydation is produced flowly, and with 
difficulty, for want of air to carry it on; and, 
when this hole is open, the ftream of cold air 
which is then admitted fixes the metal, and ob- 
ftru&s the procefs.  Thefe inconveniences may 
be eafñly remedied, by conftrutting the mufñfle 
and furnace in fuch a manner that a ftream of 
frefh external air fhould always play upon the 
furface of the metal, and this air fhould be 
made to pafs through a pipe of clay kept con- 
tinually red hot by the fire of the furnace. By 
this means the infide of the muflle will never be 
cooled, and proceffes will be finifhed in a few 
minutes, which at prefent ere a confiderable 
fpace of time. 

Mr Sage remedies thefe inconveniences in a 
different manner; he places the cuppel contain- 
ing lead, alloyed with gold or filver, amongft 
the charcoal of an‘ordinary furnace, and cover- 
ed by a fmall porcelain muffle ; when the whole 
is fufficiently heated, he directs the blaft of a 
common pair of hand-bellows upon the furface 
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of the metal, and completes the cuppellation in 
this way with great eafe and exactnefs, 


SE GT. HI. 


Of increafing the Action of Fire, by ufing Oxygen 
Gas inflead of Atmofpheric Air. 


By means of large burning-glaffes, fuch as 
thofe of Tchirnhaufen and of Mr de Trudaine, 
a degree of heat is obtained fomewhat greater 
than has hitherto been produced in chemical 
furnaces, or even in the ovens of furnaces ufed 
for baking hard porcelain. But thefe inftru- 
ments are extremely expenfive, and do not even 
produce heat fufficient to melt crude platina; 
{o that their advantages are by no means fufh- 
cient to compenfate for the difficulty of pro- 
curing, and even of ufing them. Concave mir- 
rors produce fomewhat more effect than burn- 
ing-glaffes of the fame diameter, as is proved by 
the experiments of Meffrs Macquer and Beaumé 
with the fpeculum of the Abbé Bouroit; but, 
as the diredion of the reflected rays is necefla- 
rily from below upwards, the fubftance to be 
operated upon muft be placed in the air with- 
out any fupport, which renders moft chemical 
experiments impofñlible to be performed with 
this inftrument. 
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For thefe reafons, I firft endeavoured to em. 
ploy oxygen gas in combuftion, by filling large 
bladders with it, and making it pafs through a 
tube capable of being fhut by a ftop-cock ; and 

in this way I fucceeded in caufing it to fupport 
the combuftion of lighted charcoal, The in- 
tenfity of the heat produced, even in my firft 
attempt, was fo great as readily to melt a fmall 
quantity of crude platina. To the fuccefs of 
this attempt is owing the idea of the gazome- 
ter, defcribed p. 18. et feg. which I fubftituted 
inftead of the bladders ; and, as we can give 
the oxygen gas any neceffary degree of preffure, 
we can with this inftrument keep up a conti- 
nued ftream, and give it even a very confider- 
able force. 

The only apparatus neceflary for experiments 
of this kind confifts of a fmall table, ABCD, 
PI. XII. Fig. 15. with a hole F, through which 
pañles a tube of copper or filver, ending in a 
very fmall opening at G, and capable of being 
opened or fhut by the ftop-cock H. This tube 
is continued below the table at 7/70, and is 
connected with the interior cavity of the gazo- 
meter. When we mean to operate, a hole.of a few 
lines deep muft be made with a chifel in a piece 
of charcoal, into which the fubftance to be treat- 
ed is laid; the charcoal is fet on fire by means 


of a candle and blow-pipe, after which it is ex- 
pofed 
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pofed to a rapid ftream of oxygen gas from the 
extremity G of the tube FG. 

This manner of operating can only be ufed 
with fuch bodies as may be placed, without in- 
convenience, in contact with charcoal, fuch as 
metals, fimple earths, &c. But for bodies 
whofe elements have affinity to charcoal, and 
which are confequently decompofed by that 
fubftance, fuch as fulphats, phofphats, and 
moft of the neutral falts, metallic glafles, ena- 
mels, &c. we muft ufe a lamp, and make the 
ftream of oxygen gas pafs through its flame. 
For this purpolfe, we.ufe the elbowed blow-pipe 
ST, inftead of the bent one FG, employed with 
charcoal. The heat produced in this fecond 
manner is by no means {o intenfe as in the for- 
. mer way, and is very difficultly made to melt 
platina. In this manner of operating with the 
. lamp, the fubftances are placed in cuppels of cal- 
cined bones, or little cups of porcelain, or even 
in metallic difhes. -Ifthefe laft are fuficiently 
large, they do not mélt, becaufe metals being 
good conduétors of heat, the caloric fpreads ra- 
pidly through the whole mafs, fo that none ofits 
parts are very much heated. 

In the Memoirs of the Academy for 1782, 
p.476. and for 1783, p. 573, the feries of ex- 
periments [ have made with this apparatus may 
be feen at large. The following are fome of the 
principal refults. 

1. Rock 
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r. Rock cryftal, or pure filiceous earth, is in: 
fufble, but becomes capable of being foftened 
or fufed when mixed with other fubftances. 

2. Lime, magnefa, and barytes, are infufiblé, 
either when alone, or whén combined together, 
but efpecially lime ; they affift the fufion ofeve- 
ry other body. | | 

3. Argil, or pure bafe of alum, is completely 
fuñble per fe into a very hard opake vitreous fub- 
ftance, which fcratches glafs like the precious 
ftones. 

4. AIl the compound earths and ftones are 
readily fufed into a brownifh glafs. 

5. All the faline fubftances, even fixed alkali, 
are volatilized in a few feconds. | 

6. Gold, filver, and probably platina, are 
flowly volatilized without any particular pheno- 
menon. Ge 

7. All other metallic fubftances, except mercu- 
ry, become oxydated, though placed upon char- 
coal, and burn with different coloured flames, 
and at laft diffipate altogether. 

8. The metallic oxyds likewife all burn with 
flames. This feems to form a diftinétive charac: : 
ter for thefe fubftances, and even leads me to be- 
lieve, as was fufpected by Bergman, that barytes 
is a metallic oxyd, though we have not hitherto 
been able to obtain the metal in its pure or re- 
guline ftate. 

9. Some 
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9. Some of the precious ftones, as rubies, are 
capable of being foftened and foldered together, 
without injuring their colour, or even diminifh- 
ing their weights. The hyacinth, though al- 
moft equally fixed with the ruby, lofes it colour 
very readily. The Saxon and Braglian topaz, 
and the Braflian ruby, lofe their Colour very 
quickly, and lofe about a fifth of their weight, 
leaving a white earth, refembling white quartz, 
or unglazed china. The emerald, chryfolite, 
and garnet, are almoft inftantly melted into an 
opake and coloured glafs. 

10. The diamond prefents a property peculiar 
to itfelf; it burns in the fame manner with com- 
buftible bodies, and is entirely diffipated. 

There is yet another manner of employing 
oxygen gas for confiderably increafing the force 
of fire, by ufing it to blow a furnace. Mr A- 
chard firft conceived this idea ; but the procefs 
he employed, by which he thought to dephlo- 
gifticate, as it is called, atmofpheric air, or to 
- deprive it of azotic gas, is abfolutely unfatis- 
faétory. I propole to conftruct a very fimple 
furnace, for this purpole, of very refractory 
earth, fimilar to the one reprefented PI. XIII. 
Fig. 4. but fmaller in all its dimenfions. It 
is to have two openings, as at E, through one 
of which the nozzle of a pair of bellows is to 
pafs, by which the heat is to be raifed as high 
as poflible with common air ; after which, the 

ftream 
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ftream of common air from the bellows being 
fuddenly ftopt, oxygen gas is to be admitted 
through a tube, at the other opening, communi- 
cating with a gazometer having the preflure of 
four or five inches of water. I can in this man- 
ner unite the oxygen gas from feveral gazome- 
ters, fo astto make eight or nine cubical feet of 
gas paf through the furnace ; andin this way E 
expect to produce a heat greatly more intenfe 
than any hitherto known. The upper orifice of 
the furnace muft be carefully made of confider- 
able dimenfions, that the caloric produced may 
have free iffue, left the too fudden expanfon of 
that highly elaftic fluid fhould produce a EE 
ous explofion. 
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No. I, 


Tage for Converting Lines, or Twelftb Parts of 
an Inch, and Fractions of Lines, into Decimal 
Fraëlions of the Inch. 


Twelfth Parts _Decimal Decimal 
of 4 line. Frations. Lines. Frations. 
I 0.00694 1  0.08333 

2 0.01389 2 0.16667 

3 0.02083 3  ©.25000 

4 0.02778 4  0:33333 

5 0.03472 5 0.41667 

6 0.041067 6 0.50000 

7 ©.04861I 7 0.58333 

8 0.05556 8 ©.66667 

9 0.062590 9 ©.7 5000 
10 0.06044 10 0.83333 
11 0.07639 TI 0.916067 
12 0.08333 12 1,.000C0 


No. 
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No. II. 


Tasre for Converting the obferved Heiçhts of 
Water in the Ÿars of the Pneumato-Chemical 
Apparatus, expreffled ir Inches and Decimals, 
to Correfponding Heights of Mercury. 


Water, Mercury. Water, Mercury. 
.I -00737 4 «29480 
»2 «01474 5. -3685E 
3 02201 6. -44221 
4 02048 7e -5159H 
.5 -03085 8. -58961 
.6 «04422 9. 66332 
.7 05159 O0 -73702 
.8 -05896 ALe «81072 
9 -06633 12. -3B442 

EL. -07370 13 «96812 

2 -14740 14 1.04182 

3e «22010 ES. LE1525 | 


No: 
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No. III. 


Tage for converting the Ounce Meafures ufed 
by Dr Prieflley into French and Engli/b Cubical 


Inches *. 

Ounce French cubi- Englifh cubi- 

Meafures, cal Inches. cal inches, 

z 1.507 1.898 

2 3.134 3:796 

+ 4-70I 5-694 

4 6.268 7.592 

5 7.835 9-490 

6 9.402 11.388 

7 10.969 13.286 

8 12,536 15.184 

9 14.103 17.082 

10 15.670 18.08Q 

20 31.340 37-960 

30 47-019 56.940 

40 62.680 75.920 

50 78.350 94-900 

60 94-020 113.880 

70 109.690 132.860 

80 125.360 151.840 

90 141.030 170.820 

100 156.700 189.800 

D) 1000 1567.000 1898.000 
No. 


* The ounce meafure of Dr Prieftley contains an ounce 


troy, or 48c grains, of pure water. 


The cubical contents, 


> "gs given in the above table, are retained from the French 


* 
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No. IV. ADDITIONAL. 


Rues for Reducing the Degrees of Reaumeurs 
and of tbe Swedi/h Thermometer, to the Corre-: 
Jbonding degrees on Fabrenbeits Scale *. 


The fcale of Fahrenheits thermometer is di- 
vided into 212 degrees from ‘Zero, the cold pro- 
duced by a freezing mixture of falt and fnow, to 
the temper ture of boiling water : Reaumeurs 
fcale has the Zero placed at the temperature of 
freezing water or melting ice, and thefinterval 
between that and the temperature of boiling 
water 1s divided into 80 degrees : The Swedifh 
thermometer has its Zero-in the fame place with 
that of Reaumeur, and the interval to the point 
of boiling water is divided into 100 degrees. 
Thefe are the principal thermometers now ufed 
in Europe, and the temperature indicated by 

any 


of Mr Lavoifer, reducing the French meafure to Englifh 
açcording to the beft and moft generally received compa- 
rifon of the ratio, as given more at large in No. V. of 
this appendix, if, however, the experiments of Mr Eve. 
rard be followed, as noticed in No. IX. of the appendix, 
the Englifh cubical meafure of one ounce ought to have 
been 1.8959, inflead of the above.—T. 


* In a former edition of this tranflation, a table was 
given of the degrees on Reaumeurs fcale, with the corre- 
fponding degrees of Fahrenheït, from freezing to boiling 
water; but the formulæ in this article were thought more 
generally ufeful and more convenient.—T. 
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anÿ of them maÿ be reduced into the corre- 
fponding degrees on any of the others by means 
of the following fimple canons; in which R fig- 


nifies the degrees on the fcale of Reaumeur, F 
thofe of Fahrenheit, and S thôfe of the Swedifh 


thermometer. 
1. To convert the degrees of Reaumeur to 


thofe of Fahrenheit ; +82. 
2. To convert the degrees of Fakrenheit to 
thofe of Reaumeur ; sa R. 3 
3. To convert the Swedifh degress to thofe of 
Fahrenheit ; : XD phr2E, 


4. To convert Fahrenheïts to Swedifh ; 
F—32 32x56. 
9. 





5. To convert Swedifh degrees to “thofe of 


Reaumeur ; 
6. To convert Reaumeurs de neées to. Swedifh ; 
Rx 5-6, 


FE 


* To fuch readers as are unacquainted with the 
algebraic expreffion of arithmetical formulkæ, it 
will be fufficient to exprefs one or two of thefe 
in words to explain their ufe.—1. Multiply the 
degree of Reaumeur by 0, divide the product 
by 4, and to the quotient add 32, the fum ex- 
prefles the degree on the fcale of Fahrenheit.— 
2. From the degree of Fahrenheït fubtraét 32, 

Voz. Il. N ‘multiply 
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multiply the remainder by 4, and divide the pro- 
du& by 9, the quotient is the degree according 
to the fcale of Reaumeur, &c, 


No. V. ApDiTIONAL. 


Ruzess for Converting French Weights and Mea- 
Jures into correfpondent Englifb Denominations*. 


$ r. Weights. 


The Paris pound, poids de mark of Charle- 
magne, contains 9216 Paris grains; it 1s divided 
into 16 ounces, each ounce into 8 gros, and 
each gros into 72 grains. It is equal to 7561 
Englifh Troy grains. | | 

The Englifh Troy pound of 12 ounces con- 
tains 5760 Englifh Troy grains, and is equal to 
7021 Paris grains. L 

The Englifh averdupois pound of 16 ounces 
- contains 7000 Englifh Troy grains, and is equal : 
to 8538 Paris grains. 


To reduce Paris grs. to Eng Te 
grs. divide by - 

To reduce Englifh Troy grs. to Ep a 
grs. multiply by - - - 


1.2189 


To 


* For the materials of this Article the Tranflator is in- 
debted to Profeflor Robifon.T, 


APPENDIX. 195 


To reduce Paris ounces to Englifh 
Troy, divide by - - 
To reduce Englifh Troy ounces to f *°15734 
Paris, multiply by - = | 
Or the converfion may be made by means of 
the following Tables. 


EL To Reduce French to Englifb Troy Weigbt. 


The Paris pound 7561 ] Englifh 


The ounce = A72.5028 L 
Tiegu 2 R07e) [Ar 
The grain _ 8204) ; 


IT. To Reduce Englifb Troy to Paris Weight. 


of 12 ounces, 
The Troy ounce, = 585.0833 
The dram of 60 grs. 73-1354 | Paris 
The penny-weight, or de-9 _ f grains, 
nier, Of 24 grs. h= 292543 
The fcruple, of 20 rs.” — 24.3784 
The grain, œ 1.2189 


The Englifh Troy M 761. | 


III, To Reduce Englifh Averdupois to Paris 


Weight. 
The averdupois pound 
of 16 ounces, or jee bats 38. Paris 
Troy grains, grains. 


The ounce, - = 5336250 
N2 { 2. 
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$ 2. Long and Cubical Meafures. 


To reduce Paris running feet or in- 
ches into Englifh, multiply by 
Englifh running feet or inches io | 1.065977 
Paris, divide by - - 
To reduce Paris cubic feet or inches] ” 
to Englifh, multiply by - 
Englifh cubic feet or inches to Paris, 1217276 
divide by = - 


Or by means of the following tables : 
IV. To Reduce Paris Long Meafure to Engli/b. 


The Paris QUE foot of? _ 
12 inches, h= hu 7977 | | 


The inch, : — 1.0659 LEBA 
The line, or of aninch, = .0888 | inches, 
The us of a line, . = .0074 $ 


V. To Reduce Englifb Long Meafure to French. 


The Englifh foot, = 11.2596 


The inch, - 19403 

The 2 ofaninch, — .1173 & Paris inches, 
The, - = «09 | 

The line, or = = ‘.0783 


VI. 
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WI. To Reduce French Cube res to Englifh. 


The TE 1 Englifh f à 

cube foot==1.1#1278 Eat 48 À 2093.088384 bas 
The eubic eet, : : 
Puch - — 000700 J or L 1.211278 


VII. To Reduce Englifb Cube Meafure to French*. 


The Englifh cube foot, 
or 1728 cubical inches 

The cubical inch 

The cube tenth 


{= 1427.4864 } Frnch 
8260 Pcubical 


$ 3 Meafure of Capacity. 


The Paris pint contains 58.145 + Englifh cu- 
bical inches, and the Englifh wine pint contains 
N 3 28.875 





__* To convert the weight of a French cubic foot of any 
particular fubftance given in French grains intothe corre. 
ponding weight of an Englifh cubic foot in Englifh troy 
trains ; multiply the French grains by 06773181, and 
he produét is the number of Englifh troy grains contain. 
d in an Fa cubic foot of the fame fubftance. 


Ÿ It is faid by Belidor, Archit. Hydrog. to contain 31 0%. 
4 grs. of water, which makes it 58.075 Englifh inches ; 
ut, as there 15 confiderable uncertainty in the determina- 

tions 
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28.875 * cubical inches; or, the Paris pint con- 

tains 2.0171082 Enghfh pints, and the Englifh 

pint contains .49617 Paris pints; hence, 

To reduce the Paris pint to Eh 
Englifh, multiply by  - 

To reduce the Englifh pint to the 
Paris, divide by - - 


L 2.0171082 


The Septier of Paris is 7736 French, or 0370. 
45 Englifh, cubical inches; and the Muid is 
92832 French, OL 1124454 Englifh cubical 
inches. 


No. 


tions of the weight of the French cubical meafure of wa- 
ter, owing to the uncertainty of the ftandards made ufe of, 
it is better to abide by Mr Everards meafure, which was 
made by the Éxchequer fandards, and by the proportions 
of the Englifh and French foot, as eftablifhed by the 
French Academy and Royal Society. 


# According to Beaumé, the Paris pint contains 32 
French ounces “of water, at the temperature of 545° of° 
Fahrenheit ; ; which would make it equal to 53.729 Eng- 
lifh cubical inches. 
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No. VI. ApDiTioNAL. 


Ruzes for Reducing the Swedi/b Weïghts and 
Meafures, ufed by the Celebrated Bergman and 
Scheele, to Engli/b Denominations *. 


The Swedifh pound, which is divided like the 
Englifh Apothecary or Troy ‘pound, weighs 
6556 grs. troy. : 

The Kanne of pure water according to Berg- 
man, weighs 42250 Swedifh grains, and occupies 
100 Swedifh cubical inches. Hence the Kanne 
of pure water weighs 48088.7109444 Englifh troy 
grains, or is equal to 180.9413 Englifh cubic 
inches ; and the Swedifh longitudinal inch is 
equal to 1.238435 Englifh longitudinal inches. 

From thefe data, the following rules are de- 
duced. 

1. To reduce Swedifh longitudinal inches to 
Englifh — Multiply by 1.2384, or divide by 
. 0.80747. 

2. To reduce Swedifh to Englifh cubical in- 
ches—Multiply by 1.9, or divide by o.5265. 

N 4 3. To 


* For this article, which was added in the fecond edi- 
tion, Ï am indebted to the friendly affiftance of Dr Ro- 
theram.—T, 
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3. To reduce the Swedifh pound, ounce, dram, 
fcruple, or grain, to the correfponding Englifh 
troy denomination, multiply by 1.1382, or divide 
by .8786. 

4. To reduce the Swedifh ue to Englifh 
wine pints, multiply by .1520207, or divide by 
6.57804. 

5. The Lod, a weight fometimes ufed by 
Bergman, is the 324 part of the Swedifh pound ; 
Therefore to reduce it to the Englifh troy pound, 
multiply by 03557 or divide by 28. 1156, 


No, 
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No. VII. 


æ 


Tage of the Weights of the different Gafes, at 
28 French inches, or 29.85 Engli/b inches ba 
rometrical preffüre, and at 54.59 of tempera- 
ture, expreffed in Englifb meafure and Engli/h 
Troy weight. 


Names of Specific gravity. Weight ofa cu. Weight of a cu. 

the Gafes. water being 1000. bical foot in grs. bical inch in grs, 
Atmofpheric* 1.2308 53845 311023 
ÂAzotic 41890 520.17  .243154 
Oxygen 13502 593.32 .343345 
Hydrogen 0.094671 41.41 023964 
Carbonic acid  1.8454 807.34  .467326 

san de 

Nitrous . 14631 640.09  :370422 


Ammoniacal 0.73539 321.72 .186180 
pulphurous acid 1.8856 824.98  .471631 


No. 
Fe. 
* Thefe five were afcertained by Mr Lavoifer him- 


felf.—T. 


#* The laft three are inferted by Mr Lavoifier upon 
the authority of Mr Kirwan.—T,. 
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No. VIII. 
TasLes of the Specific Gravities of different Bodies. 


$ x. Metallic Subflances. 


GOL D. 
Pure gold of 24 carats melted, but not 
.. hammered, - - 19.2581 
The fame hammered, - 19.3617 
Gold of the Parifian ftandard, 22 carats 

fine, not hammered *, - 17.4863 
The fame hammered, _. 17.5804 
Gold of the ftandard of French coin, 

2142 carats fine, not hammered, 17.4022 
The fame coined, - - 17.606474 
Gold of the French trinket ftandard, 

20 carrats fine, not hammered, 15.7090 


The fame hammered, - - 15.7746 


SILVER. 
Pure or virgin filver, 12 deniers, not 
hammered, - - 10.4743 
The fame hammered, - 10.5107 
Silver of the Paris ftandard, 11 deniers | 
10 grains fine, not hammered +, IS 
The fame hammered, - 10.3765 


Silver, 


* The fame with Sterling. 
+ Thisis 10 grs. finer than Sterling. 
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Silver, ftandard of French coin, 10 de- 
niers 21 grains fine, not hammered, 10.0476 


The fame coined, core 10.4077 
PLATINA 
Crude platina in grains, - 15.6017 
The fame, after being treated with mu- 
riatic acid, - - 16.7521 
Purified platina, not hammered, : . 19.5000 
The fame hammered, - 20.3366 
The fame drawn into wire, = 21.0417 
The fame pañled through rollers, 22.0690 


COPPER anp BRASS. 


Copper not hammered, = 7.783830 
The fame wire drawn, = - 8.8785 
Brafs not hammered, - 8.3958 
The fame wire drawn, - 8.5441 

_ Common caft braf, - - 7.8240 


\ 
IRON anD STEEL. 


Gaf iron, - - - 7.2070 
Bar iron, either hardened or not, 7.7880 
Steel, neither tempered nor hardened, 7.8331 
Steel, hardened under the hammer, but 


not tempered, - - 7.8404 
Steel, tempered and hardened, 7.8180 
Steel, tempered and not hardened, 7.8163 


OTHER 
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OTHER METALS. 


Pure tin from Cornwall melted and not 


hardened, - - 7.2014 
The fame hardened, - - 7-2994 
Malacca tin, not hardened, - 7.2963 
The fame hardened, - - Te 3065 
Molten lead, - = 11.3523 
Molten zinc, “ “ 7.1908 
Molten bifmuth, e - 9.8227 
Molten cobalt, - - 7.8119 
Molten arfenic, - - 5.7633 
Molten nickel, st pen 7-8070 | 
Molten antimony, = - 6.7021I 
Crude antimony, - “ 4.0643 
Glafs of antimony, - ” 49464 
Molybdena, - - 4.7385 
Tungftein, - - 6.0665 
Mercury, 24 = 13.5681I 
Uranium, : = 6.4409 


$ 2. Precious Stones. 


White Oriental diamond, - 35212 


Rofe-coloured Oriental ditto, - 35310 
Oriental ruby, = - 4.2833 
Spinell ditto, = - 3-7609 
Ballas ditto, - - 3.6458 
B:afilian ditto, - - * 35327 
Oriental topas, . e 40106 


Oriental 
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Oriental Piftachio topas su NC LOGS 
Brafiiian ditto - - 35365 
Saxon ditto = = 35640 
Ditto white ditto = - 35535 
Oriental Saphir - … 30941 
Ditte white ditto - = 39911 
Saphire of Puy - - 40769 
Ditto of Brafil de - 3:1307 
Giralol = = .  4:0000 
Ceylon jargon - - 44161 
Hyacinth - - 3-0873 
Vermilion - - 4.2299 
Bohemian garnet - . 41838 
Dodecahedral ditto - 40627 
Syrian ditto =" “ 4.Cc080 
Volcanic ditto with 24 fides = 2.4684 
Peruvian emerald - . 2YTSS 
Cryfolite of the jewellers . 2.7827 
Ditto of Brafil - s 2.609023 
Beryl or Oriental aqua marine = 35489 
Occidental aqua marine - 2.7227 


$ 3. Siliceous Stones. 


Pure rock cryftal of Madagafcar - 26530 
Ditto of Brafñil  - < 2.65 26 
Ditto of Europe, or gelatinous  - 2.6548 
Cryftallized quarts - = 2.6546 
Amorphous ditto  - : 2.6471 
Oriental agate : - 2.5901 


Agate 
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Agate onyx 4 - 2.6375 
TFranfparent calcedony - 2.6640 
Carnelian - É 2.606137 
Sardonyx . . - 2:6025 
Prafe - - 2.5808 
Onyx pebble - . 2.6644 
Pebble of Rennes Le - 2.6538 
White jade = . 2.9502 
Green jade = - 2.9660 
Red jafper - - 2.6612 
Brown ditto - - 2.6911 
Yellow ditto | = = 2.7101 
Violet ditto - - 2.7I11 
Grey ditto : : 2.7640 
Jafponyx, - 2.8160 
Black prifmatic hexahedral fchorl 33852 
Black fpary ditto - - 33852 
Black amorphous fchorl, called antique 
bafaltes = - 29225 
Paving ftone =: suui1Q “is 
Grind ftone = = 2.1429 
Cutler’s ftone - - 2.1113 
Fountainbleau ftone = = 2.5616 
Scythe ftone of Auvergne - 2.5638 
Ditto of Lorrain - = 2.5298 
MiH flone  - = 2.4835 
White flint - = :2.594E 
Blackifh ditto s Si (ARS 


$. 4 
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$ 4. Various Stones, Wc. 


Opake green Italian ferpentine, or gabro 


of the Florentines - - 2.4295 
Coarfe Briançon chalk - 2.7274 
Spanifh chalk - - * 2.7902 
Foliated lapis ollaris of Dauphiny 2.7687 
Ditto ditto from Sweden - 2.8531I 
Mufcovy talc - - 2.7917 
Black mica - = +. 2.9004 
Common fchiftus or flate - 2.606718 
New late - - 2.8535 
White razor hone - | 2.8763 
Black and white hone - d-I21X 
Rhombic or Iceland cryftal - 2.7151I 
Pyramidal calcareous fpar - 2.7302 
Oriental or white antique alabafñter 2.7 147 
Green Campan marble = 2.7417 
Red Campan marble = 2.7242 
White Carara marble - 2.7168 
White Parian marble - 2.8376 
Various kinds of Calcareous ftones} from 1.3864 

ufed in France for building to 2.3902 
Ore of Uranium - - 7.5000 
Heavy fpar - = 4:4300 
Strontitic fpar - - raif 357209 

3-6500 
White fluor AE = 31555 
Red ditto - mn 5 LS 
Green ditto - - 3-1817 
Blue ditto - = Pr 41008 


Violet 
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Violet fluor - - 
Red fcintilant zeolite from Edelfors 
White fcintilant zeolite - 
Cryftallized zeolite : s 
Black pitch ftone : : 
Yellow pitch ftone - : 
Red ditto - - 
Blackifh ditto Ë : 
Red porphyry = : 
Ditto of Dauphinÿ - = 
Green ferpentine - - 
Black ditto of Däuphiny, called variolite 
Green ditto from Danphiny - 
Ophites - = 
Granitello À : 
Red Egyptian granite rh 
Beautiful red granite - 
Granite of Girardmas = 
Pumice ftone = - 
Lapis obfidianus = = 
Pierre de Volvic - - 
Touch ftone : < 
Bafaltes from Giants Caufeway 
Ditto prifmatic from Auvergne - 
Glafs gall $ £ 
Bottle glafs = = 
Green glafs - « 
White glafs = Ë 
St Gobin cryftal £ g 
Leith cryftal : . 


3-1757 
2.4868 
2.0739 
2.0833 


2.0499 
1.0860 
2.6695 
2.3101 
2.7651 
2.7033 
2.8960 
er. © FU) 
2.9883 
2.9722 
3.0626 
2.606541 
2.7609 
2.7103 

9145 
2.348380 
2.3205 
24153 
2.8642 
24153 
2.8548 
27325 
2.6423 
2.8022 
2.4882 
3.1890 

Flint 
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Flint glafs - 
Borax glafs . 
Seves porcelain :  - 
Limoges ditto = 
China ditto - 
Native fulphur - 
Melted fulphur - 
Phofphorus : 
Hard peat - 
Ambergreafe - 
Yellow tranfparent amber 
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- | 33203 
-. #3 2.060070 
: 21457 
- 2:3410 


& 2.3847 


- 2:0332 
- 1.0907 
- 1.7140 


- _ 13290 


- 92063 
- 1.0780 


$ 5. Liquid. 


Diftilled water Le 
Rain water - . 
Filtered water of the Seine 
Arcueil water - 
Avray water - 

Sea water > Fe 
Water of the Dead Sea 
Burgundy wine - 
Bourdeaux ditto É 

.. Malmfey Madeira - 


Red beer > D 


White ditto - 

Cyder - = 

Highly retified alcohol 

Common fpirits of wine 
Ver. IL, O 


- PA D0DO 
"#4 1.0000 
- I.00015 

- 1.00046 
- 1.00043 
‘ 1.0263 
- 1.2403 
7 9915 
*9939 
- 1.0382 
- 1.0338 

- 1.0231 
1.0181I 


= .8293 
- «8371 
Alcohol, 
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Alcohol, 15 pts, ; water, 1 part. 8527 
14 5e 8674 

2 ARS 3 .8815 

12 4 *8047 

+ 5 ‘9075 

10 6 0199 

9 7 19877 

8 8 0427 

7 9 ‘9519 

6 … RE -0594 

5 I1 «9674 

4 12 «9733 

3 13 «979T 

2 14 | 0852 

ï 15 ‘0919 

Sulphuric ether, - 7304 
Nitric ether, - = .9088 
Muriatic ether, - - 7298 
Acetic ether, - - .8664 
Highly concentrated Sulphuric acid,  2.1250 
Common, Sulphuric acid, + 1.8409 
Highly concentrated Nitric acid, 1.5800 
Common Nitric ditto, - 1.2715 
Muriatic ditto, - - 1.1940 
Fluoric acid, - - I. 5000 : 
Red acetous ditto, - - 1.0251 
White acetous ditto, - 1.0135 
Diftilled ditto, ditto,* - 1.0005 


Acetic 
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Acctie ditto k : 1.0626 
Formic ditto - = .9942 
Solution of cauftic ammoniäc, or vola- 
tile alkali fluor - - .8970 
Effential or volatile oil of turpentine .8697 
Liquid turpentine : ad es: 5 25) 
Volatile oil of lavender md 3 
Volatile oil of cloves Si “1.0363 
Volatile oil of cinnamon = [0439 
Oil of olives - . .0153 
Oil of fweet almonds = - 0170 
Lintfeed oil - = 7 0403 
Oil of poppy feed È | .0288 
Oil of beech maft : .9176 
Whale oil - - 0233 
Womans milk - - 1.c203 
Marés milk = - 1.0340 
Afs milk - = 1.0355 
Goats milk - _ 1.034I 
Ewe milk - - 1.0409 
Cows milk Fe - 1.0324 
Cow whey + , = I.0103 
- Human urine : - Dre IQ 


8 6. Refins and Gums. 


Common yellow or white rofin 1.0727 
Arcanfon - - 1.0857 
O2 Galipot 


212 APPENDIX. 


Galipot * - - 1.0819 
Baras * - - 1.0441 
Sandarac - - 1.0920 
Mafñic - - 1.0742 
Miarax : .1 : = 1.1098 
Opake copal - - 1.1398 
Tranfparent ditto - - 1.0452 
Madagafcar ditto - - 1.0600 
Chinefe ditto . - 1.062383 
Elemi - _ 1.0182 
Oriental anime - - 1.0284 
Occidental ditto _ - 1.042606 
Labdanum - - 1.1862 
Ditto in tortis = È 2.4933 
Refin of guaiac - - 1.2289 
Ditto of jallap : - = 1.2185 
Dragons blood - - 1.2045 
Gum lac - - 1.1390 
Tacamahaca - - 1.0463 
Benzoin - - 1.0924 
Alouchi + - - 1.0604 
Caragna T 5 - 1.1244 
Elaftic gum Ne * :0335 
Camphor - - 0887 
Gum ammoniac - - 1.207I 
Sagapenum . - 1.2008 : 
Ivy 


# Refinous juices extraéted in France from the Pine. 
Vide Bomares Dit. 

+ Odoriferous gum from the tree which produces the 
Cortex Winteranus. Ib: | 

+ Refin of the tree cailed in Mexico, Caragna, or Tree 
of Madnefs, Ibid 
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Try gum * - - 1:2048 
Gamboge - - 1.2216 
Euphorbium - - 1:1244 
Olibanum Wa =. sou WEŸ3@ 
Myrrh - PS tb:3600 
Bdellium - < :4-1.3717 
Aleppo Scamony . - he 12354. 
Smyrna ditto - - 15042249 
Galbanum - - . an 120 
Affafætida - - 1:3275 
Sarcocolla - - -:1 12684 
Opoponax - - 1.62206 
Cherry-tree gum = - : 14817 
Gum Arabic - - 14523 
Tragacanth - = 1:316€ 
Bafora gum - - 1.4340 
Acajou gum 2008. LR 4 => 1.4456 
Monbain gum f - - 1.4206 
Infpifläted juice of liquorice © !  - -1.7228" 
me Acacia 5 1.5153 
= Areca = ÉoMYyEyg 
Terra Japonica - - 1.3080 
.… Hepatic aloes - - 1.3586. 
Socotrine aloes = | ms 1.379095 
: Infpiflated juice of St Johns wort -  1:5263 
O 3 Opium 


*# Extracted in Perfa and the warm countries from He- 
dera terreftris.—Bormnare. 


+ From a Brafilian tree of this name.—/hrd, 


+ From a tree of this name,—/bid, | 
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Opium - sé à: #53) 
Indigo - - .7690 
Arnotto - “ve © 5956 
Yellow wax - . «9648 
White ditto - - 0686 
Ouarouchr ditto*  - 8970: 
Cacao butter, - naine 8946 
Spermaceti - - 9433 
Beef fat à > «9232 
Veäl fat - - .0342 
Mutton fat Me - {7,0235 
Tallow - - _“{1,9419 
Hogs fat - ou .9368 
Lard - se. Ni .0478 
Butter: - - 0423 
$ 7. Wocas. 

Heart of oak 60 years old! + | 1.17o0: 
Cork - 4 - .2400 
Elm trunk = - .6710 
Afh ditto - - 8450 
Beech - - «8320 
Alder - - «8000 
Maple = UN - 7550: 
Walnut = | - .6710 
Willow - ns. .5850 
Lindén 7 ER .6040 

Male 


* The produce of the Tallow Tree of Guiana. Vide 
Bomares Diti. | 
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Male fir - = ‘5500 
Female ditto = - 4980 
Poplar - - ‘3839 
White Spanifh ditto = - .5294 
Apple tree - - «7030 
Pear tree _ Ha -6610 
Quince tree = : 7050 
Medlar - = 0440 
Plumb tree - - .7850 
Olive wood à 9270 
Cherry tree - = 7150 
Filbert tree = = «6200 

French box AE à 0120 
Dutch ditto = - 1.3280 
Dutch yew - - .7880 
Spanifh ditto - = 8070 
Spanifh cyprefs - - .6440 
. American cedar u ” .5608 
Pomegranate tree - = 1.3540 
Spanifh mulberry tree - 8970 
Lignum vitæ - - 23330 
Orange tree = = 7050 
O 4 No. 


Note.—The numbers in the above Table, ifthe Decimal 
point be carried three figures farther to the right hand, 
nearly exprefs the abfolute weight of an Englifh cube foot 
of each fubftance in averdupois ounces, See Ne. IX. of 
the Appendix.—T. 
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No. LX. ADDITIONAL. 


Rues for Calculating the Abfolute Gravity in 
Englifb Troy Weight of a Cubic Foot and Inch, 
Englifb Meafure, of any Subflance wbhofe Spe- 

_cific Gravity is known *. 


In 1696, Mr Everard, balance-maker to the 
Exchequer, weighed before the Commifloners 
of the Houfe of Commons 2145.6 cubical inches, 
by the Exchequer ftandard foot, of diftilled 
water, at the temperature of 55° of Fahren- 
heit, and found it to weigh 1131 OZ. 14 drs. 
Troy, of the Exchequer ftandard. The beam 
turned with 6 grs. when loaded with 30 pounds" 
in each icale.e Hence, fuppofing the pound 
averdupois to weigh 7000 grs. Troy, a cubic 

foot of water weighs 622 pounds averdupois, 
| or F000 ounces averdupois, wanting 106 grains 
Troy. And hence, if the fpecific gravity of 
water be called 1000, the proportional fpecific 
gravities of all other bodies will-nearly exprefs 

the number of averdupois ounces in a cubie 
foot. Or more accurately, fuppoñng the fpeci- 
fic gravity of water exprefled by 1. and of all 
other bodies in proportional numbers, as the 
| cubic 


 * The whole of this and the following article was com 
municated t0 the Tranflator by Profeflor Robilon.—T. 
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cubic foot of water weighs, at the above tem- 
perature, exactly 437489.4 grains Troy, and 
the cubic inch of water 253.175 grains, the 
abfolute weight of a cubical foot or inch of 
any body in Froy grains may be found by mul- 
tiplying their fpecific- gravity by either of the 
above numbers refpedively. 

By Everards experiment, and the proportions 
of the Englifh and French Foot, as eftablifhed 
by the Royal Society and French Academy of 
Sciences, the following numbers are afcertain- 


ed. 


Paris grains in a Paris cube foot of 


water - - 645511 
Englifh grains in a Paris cube foot 

of water - - 529922 
Paris grains in an Englifh cube foot 

of water = - Z=533247 
Englifh grains in an Englifh cube 

foot of water - - =437489.4 
Englifh grains in an Englifh cube 

inch of water - 253.173 


‘ By an experiment of Picard with 
the meafure and weight of the 
Chatelet, the Paris cube foot of* 


water contains of Paris grains =641326 
By one of Du Hamel, made with 

great care - - =641376 
By Homberg - - 641666 


Thefe 
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Thefe fhew fome uncertainty in meafure or 
_ in weights; but the above computation from 
Evérards experiment may be relied on, be- 
caufe the comparifon of the foot of England 
with that of France was made by the joint la- 
bour of the Royal Socrety of London and the 
French Academy of Sciences : It agrees like- 
wife very nearly with the weight affigned by Mr 
Lavoifier, 70 Paris pounds to the cubical foot of 
water. 


No. 
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No. X. 


Taszes for Converting Ounces,, Drams, and 
Grains, Troy, into Decimals of the Troy Pound 
of 12 Ounces, and for Converting Decimal of 
the Pound Troy into Ounces, Wôc. 


L F or Grains. 


Grains = Pound. Grains = Pound. 





I .0001736 100 «0173611 
2 000 3472 200 .0374222 
3 .0005208 300 «0520833 
4 0006944 400. -0694444 
5 0008681 560 .0868056 
6 «0010417 5 600,.0 -1041666 
7 0012153 1 O0G :: 1239277 
8  .cor3889 800  .1388888 
9 0015025. 900 .1562499 
a... OITAIT, 1000. .1736110 
20 0034722. 20090 3472220 
30 «0052083 3000 .529833© 
49 0069444 4000. .6044440 
50 .0086806 5000 8680550 
60 ‘ .0104167 6000 , 1.0418660 
70  .O0121528 7000, I.2152770 
80 .o138889 _ 8ooo. r.3888880 
90 0156250 9000  1.5624990 


IT. 
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Ountes — Pound. 
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IT. For Drams. 


Drams = Pound. 

.0104167 
0208333 

0312500 
.0416667 
.6520833 
«0625000 
0729167 
‘0833333 


ON QU À D D M 


III. For Ounces, 


| 


«0833333 
.1666667 


2500000 
-3333333 
.4166667 
5000000 
5833333 
.6666667 
.7 500000 
«8333333 
.0166667 
1.0000000 


O ©, ou tn BR D © 


Et ei D 
D mm 


IV. 
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IV. Decimals of tbe Pound into Ounces, Kôc. 


Tenth parts. 
me o%. dr. gr. 
O.I n {ut 36 
0.2 3 3 29 
0.3 3 4 48 
O.4 D 0 m4 
0.5 Po € 
0.6 FE "0 
O.7 91949 
0.8 9 4 48 
0.9 10°:6 ‘24 
Hundredth parts. 
O.0I 0, "o70 
0.02 Qù 5 56.2 
0.03 a 528 
©.04 © 3:15€.4 
0.05 o 4 48.0 
0.06 0 5 ‘45.6 
©.07 d0 #492 
0.08 6 7 40.8 
0.09 018 ‘38.4 
Thoufandths. 
0.001 opter J'RYE 
0.002 do: RHr.82 
0.003 oo c7.28 
©.004 0° o “23.04 
0.005 O © 29.80 


Thoufandths. 
Hb.= grs: 
0.006 34.56 
0.007 40:32 
0.008 46.08 
0.009 :. $E.84 

Ten thoufandth parts. 
0.000! 0.576 
C.0002 1.152 
0.0003 1.728 
O.0004 2.304 
0.0005 2.880 
0.0006 3.456 
0.0007 4:032 
0.0008 4.608 
0.0009 5.184 
Hundred thoufandth 

parts. 
O.00001! 0.057 
©.00002 ©.115 
0.000033 , 6,173 
0.090004 0.230 
0.00005 0.288 
0.00006 0.346 
0.000077 0.403 
0.00008 ©.461 
0.00009 0.518 


No. 
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No. XI. 


TABLE of the Engli/b Cubical Inches and Decimais 
correfponding to a determinate Troy weight of 
diflilled Water of the Temperature of 55°, cal- 
culated from ÆEverards Experiment 


For Grains. For Ounces. 

Grs.  Cubical Inches. Oz. Cubical Inches. 
= -0099 1 1.8959 
2 .0079 2 3-7938 
3 O118 3 5.0877 
4 ‘0158 4 7-5537 
$  -0197 5 9-4796 
6 0237 6 11.375535 

+ .0276 rl 13-2714 

35 & .0316 8 15.1674 
9 0355 9 17.0033 

10 0395 10 18.0592 

20 .0799 IT 20.8551 

30 .1185 S 

40 .1580 For Pounds. 

50 .1974 Libs. Gubical Inches, 

D — 22.5510 
For Drams. 2 45-5021 

Drams. Cubical Inches. 3 63.2531 
1 «770 7 91.0042 
2 4739 5 113.7553 
3 ‘7109 6 136.5063 
4 +9479 7 I$9-2574 
5 1.1849 8 182.0084 
6 1.4219 9 2047595 
7 1.0589 10 227.5106 

59 11375530 
100 2275.1001 
1000 22751.0615 


No. 
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No. XII. AppITIONAL. 


Tasce of the Comparative Heats of different Bo- 
dies, as afcertained by Crawford. 


Hydrogen gas - - . 21.4000 
Oxygen gas - - 4.7490 
Atmofpheric air - - 1.7900 
- Steam or aqueous vapour NO To500 
Carbonic acid gas —. re do NE À 
Atterial blood  - 11° #60 
Water - - 1.0000 
Cows milk _ - .9909 
Venous blood = : .8928 
Azotic gas - = .7036 
Hide of an ox with the hair - 7870 
Lungs of a fheep - - .7690 
Mufcular flefh of an ox - - .7400 
Alcohol = - .6021 
Rice = - .5069 
Horfe beans _ = .5020 
Spermaceti oil … <. 5000 
Fruit of the pine tree : - 5000 
Peafe # . .4920 
Wheat = > «4770 


Barley 
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Barley = : 
Oats - - 
Sulphuric acid - - 
Pitcoal - - 
Charcoal = - 
Chalk r e 
Ruft of iron - - 
Wafhed diaphoretic Antimony - 
Oxyd of copper nearly freed from air 


Quicklime - - 
Cinders - à 
Afhes of pitcoal - - 


Ruft of iron nearly freed from air 
Wafhed diaphoretic Antimony do. 


Afbes of elm wood = à 
Oxyd of Zinc nearly freed from air 
Iron = " 
Brafs e 3 
Copper - L 


White oxyd of tin almoft free of air 
Linc - - 


Afhes of charcoal - # 
Tin s s 
Yellow oxyd of lead almoft free of air 
Antimony ee È 
Lead = : 
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TazLe of the Ingredients in Neutral Salts, as 


determined by Kirwau. 


| Acid © . “AlE, 
Sulphuric potafh 31 63 
Sulphuric foda 14 22 
Sulphuric ammoniac 42 40 
Nitric potafh 30 63 
Nitric foda + "U5 50 
Nitric ammoniac 46 40 
Muriatic potaîfh 30 63 
Muriatic foda 33 50 
Muriatic ammoniac 52 49 
Boracic foda cs 17 


Earthy Salts. 


Acid Earth 

‘ Sulphuric magnefia 24 19 
Sulphuric argil 24 18 
Nitric calx 33 32 
Nitric magnefia 36 27 
Carbonic ftrontites 30 61 


Vo. IL P 


- Water 


 Metallie 


3 
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Metallic Salts. 


M4" 10 Acid Metal Water 
Sulphuric Iron 20 25 55 


Do. Copper 30 27 43 
Do. Zinc 22 20 58 
No. XIV. 


New Syfiem of Chemical Charaëlers, adapted ta 
tbe New Nomenclature, by Meffrs Haffen- 
Jfratz and Adet: ith fome Alterations by 
the Tranflator *, | 


The utility of chemical charaters for ma- 
ny purpofes has been long and univerfally ac- 
knowledged. Till of late they were perfeétly 
arbitrary ; and, from that circumftance, even 
in the narrow limits of chemiftry a few years 
ago, were difficultly retained in the memory. 
In the prefent highly advanced and impro- 
ving ftate of the fcience, when an immenfe 
number of chemical fubftances have been add- : 
ed, and are daily difcovering, the number of 
characters, neceffary for the purpofes of the che. 
mift, has become fo large that it is hardly pof- 

fible 


* Firft added in this fifth Edition. —T,, 
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fible to remember them accurately, if contiñïued 
on their former plan. Fully convinced of this, 
Mefirs Haffenfratz and Adet of Paris have, with 
great judgment and ingenuity, contrived a fet 
charaëters, which are extremely diftinét and 
fimple, and require only to be feen once to be 
fully underftood and perfectly remembered. 

I have thought that it might be of confider- 
able ufe to add thefe characters to the tranflation 
of Mr Lavoifiers ‘Elements ; and, though I ac- 
knowledge the excellence of the fymbols in- 
vented by thefe gentlemen, I have taken the li- 
berty to make fome very flight alterations, by 
which they are rendered ftill more fimple and 
of eafier application. 

Meffrs Haflenfratz and Adet, befides the ge- 
neral charaéter for the metals in their fimple 
ftate, in which they are combuftible bodies ca- 
pable of oxydation and of oxygenation, have 
added different characters for azot, hydrogen, 
carbon, fulphur and phofphorus, which in their 
fimple ftate are likewife combuftible bodies, 
. fufceptible of being oxydated and oxygenated, 
From that ftriking coincidence, I have reject- 
ed the peculiar characters of thefe latter fub- 
ftances, and ranked the whole known combuf- 
tible, oxydable, and acidifiable fimple fubftan- 
fiances under one general character. 

The only other difference, which indeed arifes 
out of the one juft mentioned, between the fym- 

P2 bols 
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bois of Meffrs Haffenfratz and Adet, and thofe 
“here given, is in the compound characters, which 
indicate the different ftates of aggregation, and 
various degrees of oxydation af the above fre 
fimple combuftible fubitances. 

In Table XIV. are engraved the whole cha- 
raéters that are neceflary in the prefent ftate of 
chemiftry. As chemiftry advances towards per- 
feétion, thefe, inftead of needing to be increafed 
in number, may probably be ftill farther re- 
trenched. The general character for unknown 
or little known and compound acidifiable ba- 
fes (5.) will become unneceffary when thefe are 
afcertained. The figure at prefent ufed for repre- 
fenting non-acidifiable compound fubftances, or 
rather fuch fubftances when confidered indepen- 
dently of oxydation, or acidification, will likewife 
become ufelefs when the nature and compofition 
of thefe bodies are fully underftood. One of 
the alkalies is already known to be a compound 
confifting of known fimple elements, and the 
other two are ftrongly fufpected, upon very good 
analogical grounds, of being likewife compound 
bodies ; hence the charaéter'employed for them 
will foon become unneceffary. Of the five 
known earths, three have lately been detected 
as metallic oxyds, a fourth is fufpected to be 
only a modification of the fifth, and that too 
there are fome reafons for believing to be allied 
to the acidifiable bafes : When thefe difcoveries 
and 
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and conjeétures are verified by farther experi- 
ment, this character will fall likewife to be ex- 
punged. Thus, in beautiful conformity with the 
fimplicity of fcience, which increafes in propor- 
tion to the advancement of our knowledge, the 
more we know of chemiftry the fewer characters 
will be needed for expreffing all its known fub- 
ftances. 


Explanation of the Charaëlers. 


No. I. Fig. 1. The charaëter for light, but 
which, in the prefent ftate of chemiftry, {cannot 
be properlÿ employed, as we are ignorant of the 
connection or difference PRRÉRE light and ca- 
loric. 

Fig. 2. The fymbol of caloric, which in this 
new fet of fymbols is of  fingular ufe for expref- 
{ing the different ftates of the aggregation of 
bodies. | 

Fig. 3. The fymbol for oxygen, which, by. a 
very fimple contrivance, is made to tee the 
various degrees of oxydation and acidification 
of all the bodies which are fufceptible of com- 
bination with oxygen. 

Fig. 4. The general charaéter for all com- 
buftible, oxydable and acidifiable fubftances, 
confidered as fimple chemical elements. 

Fig. 5. The general fymbol for all compound 
and unknown, or but Hittle known oxydable and 
acidifiable bafes. 

F3 Fig. 6 
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Fig. 6. reprefents all the non-acidifiable com- 
pound fubftances, or rather thefe confidered 
without any relation to oxygenation. 

Fig. 7. reprefents the alkalies merely confider- 
ed as fuch. 

Fig. 8 The fymbol for the earths confidered 
as elementary bodies, capable of entering into 
chemical combination ; as if fimple, without 
their conftituent elements being decompounded. 

Thefe laft five fymbols reprefent the whole 
known chemical fubftances by proper diftinctive 
marks, to be afterwards mentioned, except ca- 
loric and oxygen: In their fimple ftate, as at 
No. I., they muft all be confidered as indica- 
ting the folid ftate of the bodies they are meant 
to reprefent. 


No. IT. points out the method of employing 
* the fymbol-of caloric in conjunétion with the 
characters of the other fubftances for indicating 
the various ftates of aggregation in thefe bodies. 
When the charaëters ftand fimple, the bodies 
. muft univerfally be underftood as folid ; the li- 
quid ftate, when produced by caloric, or the 
fufion of the bodies by caloric, not folution by 
water, and the ftate of gas or vapour are mark- 
as under. | 


Fig. s. À known fimple acidifiable fubftance 


in the liquid or fufed ftate. 
Fig. 2. The fame fubftance in the ftate of gas. 


< Fig. 3 
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Fig. 3. À compound or unknown acidifiable 
bafe in the ftate of fufion or of li- 
quefaction. 

Fig. 4. The fame in the vaporous ftate. 

Fig. $. À compound non-oxygenable fubftance 
in its liquid ftate. | 

Fig. 6. The fame fubftance converted into gas. 

Fig. 7. An alkali in the liquid ftate. 

Fig. 8. An alkali in the ftate of vapour. 

Fig. 9. An earth in fufon. 

Fig. 10. The fame raifed in form of gas. 


No. III. contains the application of the 
fymbol of oxygen, for indicating the various 
degrees of oxydation and oxygenation of the 
fubftances capable of uniting with oxygen, and 
the changes in the ftates of aggregation produced. 
on the refulting compounds by caloric. As be- 
fore, they muft be confidered as folid, when the 
fymbol of caloric is not united with them. 


Fig. 1. À known fimple bafe in the ftate of 
oxyd. 

- Fig. 2. The fame bafe in the firft or lower ftate 
ofoxygenation, when the term for the 
acid ends in o/wm or ous. 

Fig. 3. The fame bafe faturated with oxygen, 
in which ftate the name of the acid 
ends in cum, or ic. 

Fig. 4 The fame bafe fuperfaturated with oxy- 
gen, when the acid is named fuper- 
oxygenated. 

P 4 Figs. 
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Figs. 5, 6, 7. and 8. reprefent the above four de- 
grees of oxydation and oxygenation 
in the liquid ftate. 

Figs. 9, 10, 1x1. and 12. fhew the fame four de- 
grees, as raifed to the ftate of gas. 

Figs. 13, 14, 15. and 16. are the fymbols of the 
compound or unknown bafes in the 
fame four degrees of oxydation or 
oxygenation. . It was thought unne- 
ceflary to add the fymbols of thefe in 
the liquid and gafeous ftates, as they 
are exactly analogous with the others. 


No.TV. contaiñs the fymbols of all the known 
combuftible,oxydable and acidifiable fimple fub- 
ftances, as folid, and neither oxydated nor aci- 
dified. From what has been already faid, it 
muft be perfectlÿ obvious in what manner the 
fymbols of caloric and of oxygen are to be com- 
bined, to point out thefe fubftances in their li- 
quid and vaporous ftates, and in their different 
degrees of oxygenation. The fymbol is the 
fame in all, and the fpecific differences are in- 
- dicated by the initial letters of their Latin names, 
included within the character. Thus; 


Fiesor. A AXotum, A7ote. 
2, C. Carbonum, Carbon. 
3. H.  Hydrogenium, Hydrogen. 
4: S. Sulphurum, Sulphur. 
s.2P. Phofphorum,  Phofphorus. 


Metals, 
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| Metals. | 
Fig. 6. ©. Platinum, Platina. 
FT Aurum, Gold. 
8. At.  Argentum, Silver. 
9. Me. Mercurium, Mercury. 
10. St.  Stannum, Tin. 
11. Cu. Cuprum, Copper. 
12. PL Plumbum, Lead. 
pi E., Ferrum, Iron, 
t4. L.  Zincum, Zinc. 
15. Ma. Manganum,  Manganefe. 
16. N. Niccolum, Nickel. 
17. An. Antimonium,  Antimony. 
18. Co.  Cobaltum, Cobalt. 
19. Ars. ÆAr/enicum, Arfenic. 
20. Mo. Molybdum, Molybden. 
Ps Tunfienum, Tunftein.. 
=  Newly difcovered Metals. 
22. Ca. Calcum,  Metaloflime. 
23. Ba  Barytum, —— of barytes. 
24. Mg. Magnefium, —— of magnefia, 


Thefe fymbols indicate the fimple and f6lid 
fates of the fubftances they are ufed for expref- 
fing ; the liquid and gafeous ftates of each, and 
their various degrees of oxydation and oxyge- 
nation, are exprefled by means of the fymbols 
of caloric and oxygen, in the manner exempli- 
fied at No. II. and No. INT. 


No. V. 
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No. V. gives examples of compound fymbols, 
for exprefling the combinations which the above 
fubftances are capable of forming with each 
other, and with caloric or oxygen, or both. 


Fig. £. 


Azotic gas. 


. Azotic oxyd gas, or nitrous gas, 

. Solid nitrous, or azotous acid. 

. Solid nitric, or azotic acid. 

. Carbonic acid gas. 

. or 7. Oxyd of hydrogen, or water in the 


folid ftate of aggregation, or ice. 


. Water, or ice fufed by caloric. 
. Steam, or ice raifed into vapour. 
. Solid azuret of carbon, or carburated 


azot,. An unknown combination. 


. Carbonated azotic gas. 


Carburet of hydrogen, or hydruret of 
carbon. Unknown, except as the bafe 
of fome acids. 


. Carbonated hydrogen gas. 

. Carburet ofiron. 

. Sulphuret of mercury. 

. Phofphuret of iron. 

. Amalgam of mercury and gold. 

. Alloy of copper and tin. RE 
. Alloy of lead and tin. 

. Alloy of copper and zinc. 


In 
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In the above inftances, the combined fub- 
ftances are fuppofed to be in equal quantities, 
or at leaft mutually faturated with each other ; 
but the proportions of the ingredients to each 
other may, in a certain degree, be denoted by 
the relative arrangement of the fymbols of thele 
ingredients: When thefe are on the fame hori- 
zontal line, as in the examples given at No. V. 
the ingredients, as has been already faid, are to 
be confidered as in equal quantities, or mutually 
faturated ; but when one fymbol is placed over 
the other, the ingredient indicated by the lower 
muft be confidered as exceeding the other in- 
gredient of the compound in quantity, or as not 
being fully faturated. Some examples of this 
are given in No. VI. 


Fig. 1. Alloy of gold and copper, the gold be- 

ing in larger quantity. 

2. Silver alloyed with a fmaller quantity of 
copper. 

3. Alloy of filver with a fmaller quantity 
of gold. 

4. Alloy of gold with a fmaller quantity 
of platina. 

5. Alloy of tin, copper and lead in equal 
quantities. 

6. Alloy of filer, gold and copper, the fil- 
ver in largeft proportion, the gold 
fmaller, the copper leaft of all. 


Fig. 
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Fig. 7. Alloy of tin and lead in equal quanti- 
ties, with a fmaller proportion of zinc. 
8. Capper and zinc, in equal quantities, 
alloyed with fmaller equal quantities 
of tin and lead. 
9. Carburet of iron, in which the carbon 
is in larger quantity. Plumbago. 
10. Carburet of iron, in which the carbon is 
in fmaller quantity. Steel. 
11. Equal quantities of zinc and tin, alloyed 
with a larger portion of lead. 
12. Equab quantities.of zinc and copper, 
- with a larger proportion of lead, and 
a fmaller of tin, alloyed together. 


In No. VII. the general character ufed for 
denoting the unknown or compound, or but 
little known, oxydable and acidifiable bafes, is 
employed with proper diftinétive central marks 
for exprefingeach of thefe bafes in particular. 
So many examples of the ufe of calorie and oxy- 
gen for indicating the ftates of aggregation, and 
degrees of faturation with oxygen, have been 
already given, that it is unneceflary to repeat 
them with thefe. 


Fig.r. M.  Muria. The unknown radical or - 
bafe of muriatic acid. 

2. AM. Azo-muria. The compound bafe 
of the Nitro-muriatic or Azo- 
muriatic aCIRe 

Fig. 3. 
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À. Bafe of acetic and acetous acids, 
0. ——— oxalic acid. 

T ——— tartaric acid. 

—-—— pyro-tartarous acid. 
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Ci. —— citric acid. 
Ma. ——— malic acid. 
FE — pyro-lignous acid. 
10. PM. ———— pyro-mucous acid. 
ii ——— gallic acid. 
PE. ——— pruffic acid, 
13. Be.  ———— benzoic acid. 
44. Su. —— fuccinic acid. 
15. Ca. — camphoric acid. 
16. La. lactic acid. 
17. SE. ——— faccho-lactic acid. 
18. Bom. : ———— bombic acid. 
19. Fo. : : — formic acid, 
20: 196: ——— febacic acid. 
21. Bor. boracic acid. 
22: Ek fluoric acid. 
226 Lis we Jithic acid. 


The fymbols for expreffing the particular al- 
‘ kalies and earths, confidered merely as fuch, 
are contained at No. VIII, They muft be un- 
derftood as pure, and free from any combination 
whatever. 


Fig. 1. Lixa or potaffa. Potafh. 
2. Trona or foda. 
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Fig. 3. Ammona or ammoniac. 

4. Ditto, confidered as relative to its in. 
gredients, forming hydruret of azot, 
or azuret of hydrogen. 

. The fame in its vaporous ftate. 
. Baryta. 

. Calca, or lime. 

. Magnefia. 

. Arga, alumine or argil. 

. Silica or filex. 
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In No. IX. are contained the fymbols for 
denoting the falts, compofed of acids united 
with alkaline earthy or metallic bafes. Thefe 
may be confidered under three feparate heads ; 
fuch as have the acid and alkali exa&ly fatu- 
rated, in which cafe the fymbols of the ingre- 
dients are ranged on the fame horizontal line ; 
fuch as have one of the ingredients in excefs, 
the fymbol of which 1s placed below the other ; 
and fuch as confift of more than two ingredi- 
ents. When the falt is fuppofed to be in a li- 
quid ftate from caloric, or what is called in fu- 
fion, the fymbol of caloric is added upwards ; 
when in the vaporous ftate, the fame character 
is made to point downwards ; and when diflol- . 
ved in any particular liquid, as water, the fym- 
bol of the liquid is placed in the fame hori- 
zontal line, when a faturated folution, and be- 
low the line if the folvent be in excefs. Cry- 
ftallization, 
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ftallization, or at leaft folidity with water of 
cryftallization united, may be exprefled by the 
character of ice placed above the compound 
fymbol exprefling the falt. All thefe circum- 
ftances are fo very fimple, and eafily under- 
food, that a very fmall number of examples in 
each cafe may fuffice. 


Fig. 1. Carbonic lixa, or carbonat of potafh, 


24 


9. 


folid. 
Sulphurous trona, or fulphat of foda, 
fufed. 


. Ammoniacal muriat, or muriatic ammo- 


na, in the vaporous flate. 


. Azotic or nitric lixa, or nitrat of pot- 


afh, diflolved to faturation in water. 


. Phofphat of foda, or phofphoric tro- 


na, in a folid ftate with water of cry- 
ftallization. 


. Muriatic mercury, or mercurial mu- 


 riat, diflolved in excefs of water. 


. Fluoric calca, or calcareous fluor, fo- 


lid. 


. Pyro-mucous barÿta, or barytic pyro- 


mucite. 
Azotous or nitrous magnefa, or mag- 
nefan nitrite. 


10. Acidulous fulphat of alumine, or aci- 


dulous fulphuric arga. 


11. Acidulous fulphuric lixa. 


Fig, 12. 


240 APPENDIX. 


Fig. 12. Alkaline fulphuric trona. 
13. Antimoniated tartarous lixa, 
14. Ammoniated muriatic copper. 
15. Phofphoric trona and ammona, 6r fufi- 
ble falt of urine. 
16. Muriatic mercury and ammona, or falt 
of wifdom. 
In No. X. are given a few examples of the 
combinations of the alkalies and earths with 
fome of the other bodies confidered as fimple. 


Fig. r. Sulphuret of lixa, or fulphurated lixa. 
2. Sulphuret of calca, or fulphurated lime, 
or calcareous fulphuret. 
3. Lixated filica in equal quantities. 
4. Tronated filica, or glafs ; or fuper-filica- 
ted trona. 
5. Super-tronated filica, or foluble glafs. 


Such of the non-acidifiable compound fub- 
flances as are thought neceflary to be diftin- 
guifhed by particular names, for chemical pur- 
pofes, have their particular fymbols reprefented 
at No. XI. 


Fig. 1. Ether, 
2. Alcohol. 
3. Fixed vegetable oil. 
4. Volatile oil, produced by diftillation. 
| Fig. 5. 


Fig. 5. 
6. 
Ÿ: 
8. 
9. 
o. 


à 
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Bitumen. 
Mucus, 
Starch, 

Wax, cerum, 
Aromatic oil. 
Tannin. 


Such other fymbols as may be required for fi- 
milar fubftances, may be readily formed on this 


model. 


In No. XII. fome examples of the combina- 
tions of thefe laft fubftances, with a few of thofe 
formerly mentioned, are given. 


Éig. 1, 


La) 
a 


Voz. 


Soap of lixa, or lixivial foap ; folid. 


. Sulphurated volatile oil, or balfam of 


fulphur ; liquid. 


. Calcareous foap ; folid. 
. Emplafter, or wax and oïl in equal 


quantities ; folid. 


. Proof fpirit, or alcohol and water, in 


equal quantities. 


. Weak fpirit, or alcohol mixed with a 


larger proportion of water. 


. Lead plafter, or fixed oil, united to an 


equal quantity of oxyd of lead ; fo- 
lid, 


II. Q Fig. 8. 
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Fig. 8 Drying oil, or fixed oil united with a 
fmaller portion of oxyd of lead ; li- 
quid. 

9. Ammoniacal foap; the oil in larger 
proportions ; liquid. 

10. Unguent, or wax mixed with a larger 
quantity of oil. 


ADDEN- 


ADDEN D A*. 


$ 1. Of Columbium, a new Metal. 


THE mineral fubftance from which this new 
metal has been procured, feems to have long 
lain negleéted ; as it is faid to have been fent to 
Sir Hans Sloane from Maffachufets in America. 
From the place of its origin, its difcoverer, Mr 
Hatchet, has very properly given it the name here 
._ adopted. 
Q 2 This 


* Since the firft volume of this edition was printed off, 
the tranflator has had accefs to the knowledge of feveral 
new chemical difcoveries, which are here detailed, and 
for which he is chiefly indebted to Thomfons SylRem of 
Chemiftry.—T, 
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This American mineral was confidered for- 
merly as a refractory ore of iron, but is now 
proved to be a metallic falt, confifting of oxyd 
of iron combined with a peculiar acid. Itis of 
a dark grey colour, with fome refemblance to 
chromat of lead, and has confiderable gravity. . 
It is hardly folubie in any of the acids ; except 
. that fulphuric acid diffolves a fmall portion of 
the oxyd of iron, which enters into its compofi- 
tion. | | Ç 

By alternately fufing this mineral with car- 
bonat of potafh, lixiviating this with water, and 
digefting the remainder in muriatic acid, and 
repeating thefe procefles in fucceflion, it is at 
laft completely diffolved and decompofed. In 
this decompofition, the peculiar acid unites with 
thé potafh, from which it expels the carbonic 
acid ; and the new neutral falt, with bafe of pot- 
afh, is diffolved in the water. The muriatic acid 
diffolves the oxyd of iron. se Fes 

The neutral falt is decompofed by nitric acid, 
which precipitates the peculiar acid in form of 
white flakes. This acid unites, both in the dry 
and humid way, with potafh and foda, from 
which it expels carbonic acid ; and with potafh 
it forms a glittering fcaly falt, refembling bo- 
racic acid. It does not unite with ammonia. 
Thefe neutral falts are decompofed by moîft of 
the other acids ; and the precipitated acid is re- 

diffolved 
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difolved by means of heat, if the precipitating 
acid is in excefs, except by nitric acid. , It is 
likewife redifflolved by excefs of alkali, when 
precipitated from its folution in acids, by potafh 
or foda. Fe | 

The white flakey precipitate, mentioned a- 
bove, or the peculiar acid now under confider- 
ation, is infoluble in nitric acid, even with the 
afliftance of heat, but readily diflolves in fulphu- 
ric and muriatic acids ; and is precipitated from 
either of thefe folutions, in its white flakey form, 
by potafh. From the folution of the neutral 
falts of this acid, when affifted by the prefence 
of an acid, pruffiat of potafh gives an olive green 
précipitate, and tin@ure of galls a precipitate of 
a deep orange colour. From thefe circamftan- 
ces, its metallic nature is inferred, as it does not 
appear to have been hitherto reduced to the 
metallic form. Mr Hatchet, therefore, has cho- 
fen to call this new acid the Columbic Acid ; 
and the metal, which he fuppofes to form its ra- 
dical, he cails Columbium. The mineral fub- 
france from which it is procured, is therefore a 
columbat of iron; and, by his experiments, is 
compofed of 75 parts in the 100 of columbic 
acid, and 25 parts of oxyd of iron. 

When the folution of columbic acid by ful- 
phuric acid is diluted with water, the columbic 


Q3 acid, 
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acid precipitates of a white colour: This, on 
drying, changes firft to blue, and afterwards to 
grey. It is likewife precipitated of a white co- 
Jour, from its folution in fulphuric acid by zinc. 
The acid folutions of columbic acid, and the fo- 
lutions of its neutral falts, are colourlefs. 

By hydro-fulphuret of ammonia, a chocolate 
coloured précipitate is thrown down, from co- 
lumbat of potafh or foda. With phofphat of 
ammonia, columbic acid melts into a purplifh 
blue glafs. It does not combine with fulphur. 


DD VD TY 


$ 2. Of Gafeous Oxyd of Carbon*. 


This gas was firft formed in the experiments 
of Dr Prieftley ; but remained long confounded 
with carbonated hydrogen gas, under the deno- 
mination of Heavy inflammable air, until exa- 
mined by Mr Cruickfhank, and afterwards by 
Berthollet, Fourcroy, and other French che- 


mifts. 
Carbonic 


* * This gas might very properly be termed Oxy-carbo- 
nic Gas.—T, 
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Carbonic oxyd gas is procured by a variety 
6f procefles. By expofing moiftened charcoal, 
or mixtures of charcoal and metallic oxyds, or 
charcoal and earthyÿ carbonats,-to a red. heat in 
iron-tubes or earthen-retorts, and receiving the 
gas in a pneumato-chemical apparatus ;-or by. 
pafling carbonic acid gas repeatedly through red 
hot charcoal. In thefe procefles, the gafeous 
product fhould be made to pafs through a very 
thin pañfte of quick-lime and water, on purpofe 
to abforb the carbonic acid, which comes over 
along with the carbonic oxyd gas. 

This gas is permanently elaftie: When 
._breathed,:it produces giddinefs and fainting: It 
inftantly kills animals, and does not {upport 
combuftion. Mixed with atmofpheric air, or 
oxygen gas, it burns with a lambent blue flame, 
and the produét is carbonic acid. It is not al- 
tered by light, heat or eleétricity, or by paffing 
through a :red-hot- tube, even along with am- 
monia… Îtis not aéted on by azot or fulphur, 
even with the afliftance of heat. It:is not 
changed by the alkalies. Its fpecific gravity is 
-001167, being lighter:than atmofpheric air, in 
the proportion of 22 to 23. 

Phofphorus is diffolved in this gas, and the. 
folution burns with'a yellow flame. It like- 
wife diflolves a fmall portion of charcoal, and 
thereby increafes fomewhat in volume : Indced 


Q 4 it 
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it would appear that carbon is fufceptible of 
feveral degrees of oxydation, in the permanent 
ftate of gas; or, in other words, that the pro- 
portions of oxygen and carbon, in the carbonic 
oxyd gas, is fubject to variety. 

When equal meafures of carbonic oxyd gas 
and hydrogen gas are made to pafs through a 
red-hot glafs-tube, the oxyd is decompofed ; 
the charcoal is depofited like a fine black ena- 
mel on the inner furface of the tube, water is 
formed, and an excefs of hydrogen gas efcapes. 
If, in this experiment, a fmall piece of iron be 
placed in the tube, it becomes oxydated. 

According to the experiments of Mr Cruick- 
fhank, 100 parts of carbonic oxyd gas confift. 
of 26 parts of carbôn, united to 74 parts of oxy- 
gen; though it appears, from what has been 
faid above, not to be regular and permanent in 
the proportions of its elements. Bythe fame 
experiments, and thofe of the French chemifts, 
it appears that charcoal, formerly by Lavoifier 
confidered as pure carbon, with a minute por- 
tion of afhes, confifts of 64.3 parts of pure car- 
bon, with 35.7 of oxygen; and is, therefore, a 
folid oxyd of carbon.  Carbonic acid, according, 
to thefe lateft experiments, confifts of 18 parts 
of carbon, and,82 parts of oxygen: Or, as in 
the following Table : 


Charcoat 
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Carbon. Oxygen. 


Charcoal, or folid carbo-9 _ 
nic oxyd ns is E 55:5 
Gafeous oxyd of carbon = 100 — 307.7 


Carbonic acid gas =4100 + 455.5. 


$ 3. Of Gafeous Oxyd of Azot %. 


Azot, like carbon, is fufceptible of combi- 
ning with two different portions of oxygen, in 
the ftate of oxyd. Both of thefe have been long 
known, from the difcoveries of Dr Prieftiey, by 
the names of Nitrous gas, and Dephlogifticated 
nitrous gas ; but the latter, of which we mean 
to give fome account in this place, has only very 
lately been accurately examined by Mr Davy. 

Gafeous oxyd of azot is procured by expo- 
. fing cryftals of nitrat of ammonia, in a retort, 
to a heat not lefs than 340° nor above 500° of 
Fahrenheit. The nitrat foon melts, and is de- 
compofed, giving out oxyd of azot, which is to 

be 


* Oxy-azotic Gas, would be 2 very regular term fox 
this new gas. —T,. 
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be collected in a pneumato-chemical apparatus. 
It is permanently elaftic, but heavier than at- 
mofpheric air, in the proportion nearly of 5 to 3, 
having the fpecific gravity of.o0197. It fup- 
ports combuftion better than common air, even 
almoft as well as oxygen gas ; but combuftibles 
muft previoufly be ignited to make them burn 
in this gas. Animals live in it for fome time, 
apparently without uneafinefs ; they foon, how- 
ever, fhew figns of reftlefinefs, and die if not 
removed in a few minutes. 

Azotic oxyd gas is readily abforbed by wa- 
ter in confiderable quantity, efpecially when af- 
fifted by agitation, and the water acquires a 
{weetifh tafte: During the abforption of this 
gas, the atmofpheric air ufually contained in 
the water is expelled. ‘The whole of the azo- 
tic oxyd gas is expelled from water, altogether 
unchanged, by means of boiling. Itis not al- 
tered by atmofpheric air, or oxygen gas ; nor by 
light.: Neither is it changed by any heat be- 
low ignition; but whén made to pafs through a 
red-hot tube, or-when electric fparks are taken 
in this gas, the arrangement of its elements is al. 
tered, and it is changed into nitric acid, oxygen 
gas, and azotic gas. 1 

Combuftible fubftances are unchanged by ex- 
pofure to this gas in the ufual temperature ; but 
all of them that have been tried decompofe it 

| by 
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by combuftion. If fulphur that is burning 
with a white flame, be plunged into azotic oxyd 
gas, it continues to burn with a brilliant red 
flame, till half of the oxyd is decompofed ; the 
produds are fulphuric acid and azot.  Phof- 
phorus may be melted and fublimed in this gas 
without change, and will not even burn when 
touched by a red-hot wire. But if touched 
with a wire heated to whitenefs, it infiantly 
takes fire, and explodes with violence ; the pro- 
du&s are phofphoric acid, nitric acid, and azot. 
Charcoal may be kindled in this oxyd by a 
burning glafs, and burns with great brilliancy 
till half of the gas is decompofed ; the products 
are carbonic acid and azot. Hydrogen gas, and 
fulphurated, phofphorated, and carbonated hy- 
drogen gas, mixed with azotic oxyd gas, ex- 
plode viglently, either by means of the electric 
fpark, or by a firong red heat. Iron-wire burns 
as readily in it as in oxygen gas. ‘Zinc like- 
wife burns in it. 1t is unneceflary to particu- 

larize all the products of thefe combuftions. 
.! Azotic oxyd gas, at the moment of its forma- 
tion, may be made to combine with the alkalies, 
forming falts of a peculiar nature, which have 
not hitherto been very attentively examined. 
Thefe are certainly not neutral falts, there be- 
-ing no acid prefent; and we have nothing yet 
quite analogous to them in chemiftry, though 
they 
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they may be faid to approach the nature of iul- 
phurets, phofphurets, and carburets. Mr Davy 
propoles to give them the name of witroxis, and 
Dr Thomfon prefers the term of Azotites. 
They might be denominated Oxy-azurets. 

By the experiments of Mr Davy, it appears 
that 100 parts of gafeous oxyd of azot contain 
63 parts of azot and 37 parts of oxygen ; while 
nitrous gas contains only 45 parts of azot in the 
co, united to 55 parts of oxygen. | 

The moft extraordinary properties of gafeous 
oxyd of azot, are its effets on mankind when 
refpired. It may be breathed for near four mi- 
putes without danger ; but after that it puts a 
ftop to all voluntary motions. Mr Davy thus 
defcribes its effeêts on himfelf : 

« Having clofed my noftrils, andexhaufted my 
“ Jungs, I breathed four quarts of nitrous oxyd 
é from and into a filk bag. The firft feeling was 
“ giddinefs ; butin lefs than half a minute, that 
« diminifhed gradually, and was fucceeded by a 
« fenfation analogous to gentle preffure on all 
é the mufcles, attended by a highly pleafurable 
“ thrilling, particularly in the cheft and extremi- 
éties. The objeéts around me became dazzling, 
“ and my hearing more acute. Towards the laft 
# infpirations, the thrilling increafed, the fenfe 
‘ of mufcular power became greater, and at laft 
é an irrefiftible propenfity to action was indul- 

‘ ged 
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“ ged in. I recollett but indiftinétly what fol- 
“lowed, I know that my motions were various 
“and violent. Thefe effe@s very foon ceafed 
# after refpiration of the gas was difcontinued. 
‘ In ten minutes [had recovered my natural 
‘“ ftate of mind. The thrilling in the extre- 
‘ mities continued longer than the other fen- 
‘ fations.”? 

This gas Has been breathed by many other 
pérfons : On moft, fimilar effets to thofe de- 
feribed by Mr Davy, were produced ; though 
fome give an account highly poetical of the 
pleafarable fenfations. A few people were not 
‘fenfible of any particular effeéts ; and on others 
the effeûs produced were uniformly painful 
and unpleafant. Upon the whole, the effects 
produced by breathing this gas are fimilar to 
intoxication ; but they do not laft, and leave 
no languor nor debility. 


4 Of 
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$ 4 Of Laccic Acid. 


This acid, or acidulous fubftance, has been de- 
teéted by Dr Pearfon, in a kind of wax or lac, 
produced in India by an infect of the tribe coccus, 
firft noticed by Dr Anderfon of Madras. This 
waxy fubftance, which Dr Anderfon calls white 
lac, when melting, gives out a reddifh watery 
liquid, fmelling like new-baked bread, and of a 
flightiy faltifh tafte, with fome bitternefs. This 
faline water is the laccic acid of Dr Pearfon. 

Laccic acid gives a red colour to paper which 
is ftained with turnfole. Its fpecific gravity is 
1.025. By evaporation, it depofites a fmall quan- 
tity of needle-like cryftals. It may be diftilled 
without alteration. It diffolves carbonat of 
lime, or of foda, with effervefcence. Three 
grains of carbonat of foda is fuflicient to neutra- 
lize five hundred grains of the laccic acid li- 
quor : The faturated folution, after filtration 
and evaporation, affords deliquefcent cryftals. 

From laccic acid liquor, lime-water occa- 
fions a light purple turbid appearance ; fulphu- 
ret of lime, -a white precipitate; tin@ure of 


galls, a green precipitate ; fulphat of iron, gives 
a 
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a purplifh colour, but no precipitate ; acetite of 
lead, a reddifh precipitate ; nitrat of mercury, à 
whitifh cloudinefs ; oxalic acid, throws down 
white needle-like cryftals, probably from the li- 
quid containing fome lime ; tartarite of potafh 
gives a precipitate, fimilar to that produced on , 
adding tartarous acid to tartarite of potafh. 
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The Roman Capitals denote the VoLuMe, the Cypheis the Pages. 
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Âcrrre Ac1p; differs from acetous in having 


À. 


its bafe more highly faturated 
with oxygen, - 


I. 390 


=————- its preparation and combinations, 1. 389 
Acetous acid, its compofition and combinations, 





Acid, 


———= its compofition not exaétly afcer- 


tained, - 

azotic, another name fôf nitric acid, 
carbonic, produced from burning charcoal, 
muriatic, or of fea-falt, = 
muriatous, a rejected term; = 
nitric, or acid of nitre, - 
nitrous, or fuming fpirit of nitre, - 
oxygenated muriatic; otherwife called oxy- 

muriatic, or murioxic acid, 3 
phofphoric, produced by burning phofpho. 

rus in oxygen gas; à 
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Acid, fulphuric, produced by combinations of 




















oxygen with fulphur during rapid com- 
buftion, £ = L 
—- fulphurous, produced by burning fulphur 
flowly in common air, & E 
- fuper.oxygénated muriatic, fee oxygenated 
muriatic, : - ê E 
Acids*confift univerfally of a bafe or radical com- 
bined with oxygen, - \ # 
— formation of, - 0 - E 40. 
—— lift of all thofe hitherto known, derivable 
from animal fubftances, 3 I. 
—- lift of, from vegetable bodies, - I. 
_- nomenclature of, MA se A 
— obfervations on thofe having compound 
bafes, > a I. 
—- table of all that are hitherto known,  o 
——- theory of their nature and formation firft 
perf éted by Lavoifer, and publifhed in 
1e “ - L. 
Aériform fluids, formation and decompoñition of, I. 
Aguftine, a newly difcovered earth, account of, I, 
Air, in the new chemical nomenclature, is ap- 
propriated exclufively to the common air 
.  ofthe atmofphere, : ne z. 
common, its nature and compofition, I. 
dephlogifticated, or oxygen gas, mn). 
—— empyreal, or oxygen gas, SUR 
—— fixed or fixibie, the old terms for carbonic 
acid gas, - - E 
— highly refpirable, the fame with oxygen 
gas, | . - L. 
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Âür, ñon-fefpirable, or noxious, or phlogifticated, 
old térms for what is now called azotic 


gas, - - LE 97 
-— refpirable, or vital, or fire, old terms for 

oxygen gas; - - I. 85. 97 
Albumen, animal, its nature and compofition; I. 206 

— vegetable, its analyfis, k I: 184 





Alcohol, aëriform permanently at a moderate 





temperature, « - : ‘60 

—— compolition of, Kai 
ÂAlkalies, the nomenclature of by Dr Black, pre- 

ferred to that of the French chemifts, I. 254 
Alloys, or combinations of metals with eachr o- 

ther, an account of, £ I. 168 
Amber, doubtful from which kingdom of nature 

it derives its origin, J I. 192 

its analyfis not exaétly afcertained, I. :b. 





Ammona preferred to ammoniac, as a new term 
for what ufed to be called volatile al: 

kali, - - I 221 
——— chiefy procured by diftillation from 


animal fubftances, = Lo253 
————— compofed of azot and hydrogen com- 
bined, é : PILE A 
Ammoniac, or volatile alkali, confifts of azot and ; 
hydrogen, - - b:2%0: 
: Animal fluids, their nature and compofition, I: 210 
——— folids, their analyfis, - Las 


Em 





fubftances, chiefly compofed of hydro- 

gen, carbon, azot, phofphorus, fulphur, 

and lime, in various proportions, and 

in the flate of oxyds by combination 

with oxygen, . - Ï. 242 
0 R 2 Aqua 
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Aqua regia, the old name of nitro-muriatic acid, [. 192 
Aroma, probably an imaginary element of bodies, I. 190 
Arfeniac acid, its preparation, nature, and com- 

binations, - = I. 365 
Afphaltum, its nature and compoñition, = - 1. 203 
Atmofphere, compofed of all bodies that are fu 

ceptible of the gafeous form in 

the ufual temperatures, and un- 

der the common preffures, L. 74. 78. 
formation and compoñtion of, I. 2b, 
———— probably contains in its upper re- 





sem ma 


gions a ftratum of inflammable gas, I. 9 











Atmofpheric air, analyfis of, - I. 89 
ds =— compofed principally of azotic 
/ and oxygen gas, - F 100 
ee mm Nomenclature of 1ts conftituent 
parts explained, - I. 97 


Atmofpherical preflure, neceflary for the forma- 
tion and prefervation of liquidity, and elaftic 
aëriform fluidity, = L IL 56 
Aurum problematicum, the name of an ore of 
gold, - - L 27z 
Auftrum, propofed as the name of a regulus or 
metal faid to have been produced from mag- 
nefia, - - I. 267 
Azo-muriatic propofed inftead of nitro-muriatic, 
for the acid formerly cailed aqua regia, " ÆKtgés 
Azot, meaning of it as a term, 414 1. 107 
- firft deteéted in nitrous gas and nitric acid 
by Cavendifh, and in ammona by Ber- 





thollet, - - I. 313 
-—— table of its combinations, and obfervations 
upon them, o = I. 317 


Azotic 


INDEX. 264 


Azotic gas, the noxious part of the atmofphere, 


formerly called phlogifticated air, = LI. 10: 
B. 
Balfam of fulphur, its compofition, - +. 187 


Barytes, fuppofed to be a metallic oxyd, 
Benzoic acid, its preparation and cambinations, 
Benzoin acid, its origin and analyfs, ü 
Bile, its nature and contents, « 
Bitumen, its origin and analyfis, ; 

Black, Dr, his nomenclature of alkalies and earths 


nain sn 
[#5] 
\O 
ES 














preferred, - - - 143 
Blood, its properties and analyfs, . 205 
-- the compoñtion of its albumen, . 206 

PS SES - colouring matter, 2-8 


nm CFA ÎTAMENTUIN, 


D PE ON 
bn 
o 
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ee hihi és ti ETES, - sb. 
ee —— ——— gelatin, - 2b. 
CA aire - ferum, - 206 


Bodies of all kinds are folid, liquid, or gafeous, in 
the proportion which exifis between the attrac- 
tive power of their particles and the repulfive 


power of caloric, - - L:52, 63:57, 
Bombic acid, its preparation, analyfis, and com- 

binations, L F I. 402 

Bone, its analyfis, " - I. 215 
Boracic acid, its origin, preparation, and combi- 


nations, : £ d 
— found in tbe water of fome lakes, 
Boracic radical, hitherto unknown, - 








362 
Borax, or tincal, a peculiar falt from India, 361 
—— the method of purifying kept fecret, te rrbs 

R 3 Borbonium, 


RE EE 
nn 
Q 
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Borbonium, the propofed name of a new metal 


fuppofed to be extraéted from barytes, LR 

Boyles vacuum, fome experiments with, - EL 

Brain, its analyfs, = PSE L 

C. 

Calculi, or urinary concretions, their analyfis, LA 
Caloric, igneous fluid, matter of heat, or unknown 

_ caufe of heat, warmth, or temperature, I. 

eæ—— its combinations, - = L 

——— capacity of bodies for containing, I. 

— combined, or latent heat, = Æ. 





——— experiments for afcertaining its relative 
quantities, difcharged from bodies in 








combuftion, . - FF 
————— free or uncombined, E I. 
—— method of determining its relative quan- 
tities in bodies, ; - M 
— obfervations on its combinations with 
different fubftances, ER Lou 
— occafions the elafticity or aëriform ftate 
of all gafes, - - EF 
— fpecific, explained, - I. 





Calorimeter, or inftrument for meafuring the re- 
lative quantities of caloric emitted from bodies, 
its defcription and ufe, - IT. 
Calx, an improper term for metallic fubftances 
united with oxygen, (now called oxyds), be- 
caufe confounding them with lime or calcareous 
earth, - - L 
Camphor, its origin and anal yfis, ë I. 
Camphoric acid, its preparation, analÿfis, and 
combinations, : = E 


267 
72 


159 


53 


131 
190 


394 


Caoutchouc, 


INDEX. * 263 


Caoutchouc, elaftic gum, India rubber, or lead- : 


eater, its origin and analyfis, - I. 195 
Capacity of bodies for containing caloric, explain- 

ed and illuitrated, : & I. 65 
Carbon, its nature and combinations, - ls 333 





fufceptible of various degrees of oxyda- 











tion and oxygenation, - I. 326 
Carbonic acid, its formation and combinations, 1. 34% 
Caïburets, an account of their nature, - I. 165 
Chalk, fuppofed a metallic oxyd, - L 263 
Charcoal, found to be an oxyd of carbon, I. 202. 325 
Cheefe, its origin and analyfis, . 3 L'aux 
Chromic acid, its preparation, properties, and com- 
binations, - : L 273. 408 
Chromum, a newly-difcovered metal, I. 272 
Chyle, the diflolved food of animals, fome ac- 
count of, - - 253 
Citric acid, its preparation, analyfis, and combi- 
nations, - - L 377 
Goal, its nature, origin, and compofition, I. 193 
Colouring matter of blood, its compofition, I. 208 
— vegetables, fome account of, I. 197 
Columbic acid, its preparation and combinations, Il. 246 
Columbium, a newly-difcovered metal,  - Il. 243 
Combuftible bodies fufceptible of different degrees 
of faturation with oxygen, - I. 116 
Cryftallization, method of facilitating, + Ii. 88 
D. 
Decantation, how performed, - IT... %4 
Decrepitation, or method to deprive fea-falt of âts 
water of cryftallization, = I. 20 


K 4 Deflagrauou, 
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Deflagration, methods of performing experiments 











upon, - u IT. 16% 
Diamond, fuppofed to be the perfeétly pure ele- 
ment of carbon, - I. 202. 326 
Dimenfions of bodies angmented by increafed 
temperature, - - I 49 
Dippels oil, its formation and analyfis, - I. 222 
Diffolution ofmetals, method of performing, IL. 107 
Difüillation, compound, how to carry on, IT. 99 
————— pneumato-chemical, inffruments for 
the performance of, = 11.:9. 
a me rapid, how managed, - IT. 97 
———— fimple, inftruments for, - IT. 93 
E; 
Earths, metallic nature of, aflerted, - I. 261 
——— fimple fubflances which go under that ge- 
neral denomination, - I. 254 
Effervefcence, its nature and caufe, ï L'2:6 
Elaftic gum, an account of, - I. 195 
Emulfion, how prepared, - - I. 187 
Effence of aromatic vegétables, its nature, pro- | 
pérties, and compofition, - I. 189 
Ether, aëriform in very moderate temperatures, I. 6o 
cannot be prepared on high mountains, I. 6x 
——— muft become aëériform in the ftomach, I 2b, 
——— nitrous, evaporates in lower temperature 
than fulphuric, - I. 8. 
Eudiometer, defcription and ufe of, - IE. : 29 
Evaporation, how to conduét in chemical pro- 
cefles, S - - IT. 84 
Extra@, or extrattive matter of vegetables, the 
analyfis of, ; = I, 194 


F, 


INDEX, 


F, 


Fat, its properties and analyfis, - 


Fecula, from vegetable fubftances, the analyfis of, 


Fermentation, acetous, its phenomena and pro- 
duéts, : 
———— putrefaétive, account of, 
me mme VINOUS, à Minute account of its 
phenomena, and inveftigation 
of the nature of its produéts, 
Filtration, how performed, = 
Fire, its effeéts in decompofng animal and vege- 
table fubftances, - - 
Flowers of Benjamin, or fublimate of benzoin, the 
fame with benzoïc acid, _ 
Fluoric acid, its preparation, properties, and com- 
binations, Ge - 
radical, its nature and combinations hi- 
therto unknown, - 
Formic acid, its preparation, analyfis, and combi- 
nations, . L: 4 





Furnaces, various conftruétions of, L 





in which oxygen gas is employed, 


G. 


” Gailic acid, its nature, preparatiqn, properties, 
and combinations,. - - 
Gall-ftones, their origin and analyfis, : 
Gas, à term employed to exprets all fubflances in 
the elaftic aëériform ftate, - 
—— firft ufed by Van Helmont, - 
e— in the new chemical nomenclature, expref- 
fes the fuileft faturation of bodies with 


caloric, 


265 


I. 216 
I. 187 


I. 242 
1237 


L. 224 


re AR 7e 


I. 217 


I. 393 
L. 357 
I. 326 
I. 400 


IL. 19x 
11. 183 
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caloric, reducing them to the ftate of permanent 





aëriform fluids, = . k 
Gas, alcoholic, ci 2 /A E 
—— alkaligen, another name for hydrogen gas, I 
—— ammoniacal, or pure ammona, + - à 
—— aqueous, or permanent fleam,  - £. 
—— azotic, formerly called phlogifticated air, I, 
—— ethereal, or ether in permanent vapour, L. 

muriatic acid, > = I; 
Gafeous oxyd of carbon, its nature and proper- 
ties, : II. 


_ azot, its difcovery and nature, Il. 
— its ftrange intoxicating 
qualities when infpired, II. 





Re eee 





GS me rte 0 cenne s 


Gafes, contain a portion of water in folution, 
which muit be rigidly attended to in all 


experiments, © I. 
— confift of a folid bafe combined with or 
… diflolved in caloric, s I. 


——— correétions of, relative to the degrees of 
preffure of the atmofphere, or of water 
or mercury in containing veflels, L à 4 
—_…— corrections of, relative to their tempera- 
, 





tures, - - mi: 
how to afcertain their volume, - II. 
AU —- feparate from each other, IL 





—— neceflary in all experiments with, to take 
into account their preflure and tempe- 

rature, both before and after, - x. 

——— methods for afcertaining their weïghts, II 
__- Calculating the various cor- 
à reétions of their volume, 
weight, temperature, and 


preflure, - LL 


106 


92 
5a 
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Gaftric liquor, its properties and analyfis, I. 213 
Gazometer, its defcription, and direétions for its 
ufe, - - II. 18. 27 
Gazometry, or meafurement of the weight and 
volume of gafes, inftruments for, - AIT. x4 
Gelatin, or animal gluten, or glue, its analyfs, 207 
Glaucine, a newly-difcovered earth, - L 258 
Gluten, vegetable, its analyfs, - -I. 183 
Gum, its nature and analyfis, - 1. 180 
H. 
Heat, fenfible, explanation of, 2 E :68 
Hepatic air, or fulphurated hydrogen gas, the 
chief caufe of fetor in excrement, - I. 165 
Honey, its origin and analyfis, - 1.192 
Horn, fimilar in its properties and analyfis to 
bone, - - - I. 216 
Hydrargyrique, reafons for preferring mercuric 
to that term, - - I. 280 
. Hydrogen, or generative principle of water, k: 141 
— table of its combinations, with obfer- , 
vations on their nature, = [. 315 
Hydrometers, conftruétion and ufes of, - POELE | 
Hydroftatic balance, ufes of, = ÎF 10 
I. 
Imperfeét vinegar, name given to malic acid by 
Hermbftadt, - - 1245 
Ingenhouz, elegant experiment by, = LL. 8% 
Inftruments of chemiftry, delcription of, M2 £ 
- for experiments on the combuftion of 
"bodies, - HE "133 
mem for fUfON, - - IT. 169 


Inftruments 
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Inftruments for weighing bodies, - .::3 
Jron, combuftion of, explained, à I 88 
J: 

Jet, a fubftance analogous with coal,  . - X, 204 

K. i 
King of metals, the term for gold amongtheal- 
chymifts, - - TZ. 171 
LA 

Laccic acid, procured from the white lac infe&t, IT. 254 
La@ic acid, or acid of four whey, - I. 272 
———— its combination, - I. 396 
Levigation, method of performing, - IT. 66 

Light, its conneétion with caloric hitherto un- 
known, - - I. 54 
—- obfervations on its combinations, - I. 298 
L'sneous fibre, analyfis of, : I. 199 
Lithic acid, its origin, analyfis, and combinations, I. 406 
Lixiviation, direétions for performing, = II. 82 
L.tes, compofiion and application of, - IT. 116 
Lymph, a iolution of albumen and gelatin, I. 212 

M. 

Magnefa, its metallic nature afferted, - L 263 

Malic acid, its preparation, analyfis, and combina- 
tions, =: - I. 374 
Martial ethiops, fome account of, - L: 04 

Millie, or honey ftone, appears to be a neutral 

falt, containing a peculiar acid not hitherto in= 
I. 204 


veitigated, - = 


Membrane, 


INDEX. 269 


Membrane, its analyfs, ÿ . Ï. 216 
Menachanite, a new mineral found in Cornwall, I. 270 
Metallic bodies, general account of, - I. 259 
Metals, lift of all thofe hitherto known, - I. 26a 
—— feveral newly difcovered, - l-26x 


————- obfervations on their combinations with 
each other, - - Ï. 327 
——— their weight uniformly and largely aug- 
mented by oxydation, or what ufed to 


be called calcination, = L 129 

Milk, its component parts, « I. 210 
Molybdic acid, its origin, preparation, and combi. 

nations, - - I. 367 

Mucilage, its analyfis,  - : I. 180 

Mucus, or infpiflated Iymph, fome account of, I. 222 

Muria, the unknown bafe of muriatic acid, Ï.'122 


Muriatic acid, its nature, preparation, and combi- 
nations, - - - I. 349 
Muriatic bafe or radical, its nature and combina- 
tions hitherto unknown, - I. 122. 326 
Muriogen, or unknown bafe of muriatic acid, I. 122 
Muriogen gas, has been propofed as a term for 
hydrogen gas, under the idea that it is the aci- 
difiable bafe or radical of muriatic acid, I. 142 
Murioxic acid, propofed as a more convenient 
term for what is called oxygenated muriatic 
acid, - - I. 124. 279 
Mufculer fibre, its analyfs, - J. 216 
mm mms CON Vertible into animal fat, or a 
fubftance refembling fperma- 


ceti, - I. 240 


N,. 
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Naphtha, analyfis of, - - DL 264 
Neutral falts, their denominations taken from the 

nature of the acids they contain, and 

the bafes by which they are formed, I. 285 





— ——- their formation, - I. 245. 289 
N'itric acid, its nature and combinations, L, 323 
————- how procured, - 1." 437 
Lu radical, difcovered to be azot, = Er2s 
Nitrogen, a term propofed inftead of azot, I. 102 
Nitro-muriatic acid, its nature, preparation, and 
combinations, à 171-255 
—————. gas, difengaged during the folu- 


tion of metals in nitro-muria- 
tic acid, not hitherto invefti- 


à gated, : L'9Ee 
Nitrous gas, its nature and properties, = I. 126 
Nitroxic, propofed as a better term for oxygena- 

ted nitric acid, . = L 275 
@: 
Oil, effential, its nature and analyfs, x I. 187 
—-- expreffed, analyfis of, - I. 6. 
—-- fixed, fome account of, = I. 185 
—- volatile, analyfis of, - I." 187 
—-- volatile animal, its analyfis, and deftructive 
decompoñtion of, - I. 222 
Oleo-faccharum, how prepared, = I. 187 
Operations of chemiftry, defcription of, £ I Ras 
Oxalic acid, its preparation, analyfis, and combi- 
nations, - = I. 384 
Oxy-azotic gas, fome account of, = II. 249 
Oxy-carbonic gas, nature and properties of, I. 246 


Oxyd, 


INDEX. 


Oxyd, a general term for all bodies united with 
oxygen, in a lower proportion than is 


requifite for converting them into acids, I. 


——— of azot, reafons of the term, = 

——— of muriogen, would be a proper term: for 
water, if hydrogen gas fhould be found 
the bafe of muriatic acid, - 

of phofphorus, fome account of, ä 





— of fulphur, reafon of the term, = 
Oxydation, the aét or procefs of converting bodies 





into oxyds, - S'ORS 
Oxyds, animal, lefs known than thofe from the 
vegetable kingdom, and more com- 
pound, - . 
——— compound, or with compound bafes, ob- 
fervations on, - - 
——— metallic, formation and nature of, 
have various and appropriate 
colours, Ë 


ee 





Oxygen, its meaning as a term explained, 

———- the univerfal acidifying principle, 

———- its union with combuftible bodies to 
complete faturation, for the moft part 
converts them into acids, 5 

- obfervations on its combinations with 





compound radicals, - 
-— table of, and obfervations upon, its com- 
binations with fimple fubftances, 
———— gas, the highly, and only refpirable part, 
by itfelf, of atmofpheric air, 
——— decompofition of, by metals, 
ee ——— carbon, phof- 


[. 
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131 
132 


I. 142 


232 


1B3 


133 


+305 


17# 
129 


+ 133 


IOI 


+ I10O 


- IOT 
* 129 


phorus, and fulphur, I. 103 
Oxygenation, 
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Oxygenation, a general term, indicating the fatu- 
ration of bodies with oxygen, by which they 
are converted iñto acids, : 

Oxy-muriaf, propofed as a more convenient term 
than oxygenated muriat, & 

Oxy-muriatic acid, or oxygenated muriatic acid, 
its nature, preparation, propêrties, and combi- 
nations, - L 


P, 


Parthenium, propofed as the name of the fuppo- 
fed metal from chalk, L 
Particles of bodies continually fubjeét to the op- 
__ pofing powers of attraétion and repulfon, 
Perfpirable matter, from animals, its nature and 
properties, 5 E 
Petroleum, its nature and analyfis, 
Phlogifton of Stahl, confider&l as hydrogen by 
fome chemifts, . = . 
Phofphorated hydrogen gas, fome account of, 
Phofphoric and phofphorous acids, their nature 
and combinations, =. L 
Phofphorus, its difcovery, x = 
————— jts combinations, - 
————— found fometimes in charcoal, 
———— new method of preparing, 
Phofphurets, their nature, . 
Plumbago, or graphite, commonly called black- 
lead, an oxyd of carbon, - = 
Pneumato-chemical apparatus, its invention and 
ufes, = = 


Potafh, how prepared, = 


1293 


IT. 74 


I. 248 


Proximate 
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Proximate elements of animal and vegetable bo 
dies, fome account of, 5 
Pruffic acid, its bafe or radical compofed of azot, 
hydrogen, and carbon, - 
——- its preparation and combinations, 
Pulverization, methods for performing, 

Pyrites, named fulphurets in the new nomen- 
clature, - - - 
Pyro-lignous acid, its preparation, analyfis, and 

combinations, - Ë & 
Pyro-mucous acid, its preparation, analÿfis, and 

combinations, à 5 
Pyro-tartarous acid, its preparation, analyfis, and 

combinations, e s 


Quinteflence of odorous vegetables, the nature 
and preparation of, . 


K. 


Radical vinegar, the old term for acetic acid, 
which fee, - - 

Radicals, or fubftances which are fufceptible of 
combination with oxygen, either in the flates 


of oxyds or acids, 2 n 
Refin, analyfs of, : à 
Rochelle Salt, its compofition, = 

5. 
Saccharine matter, analyfis of, - 


- Saccho-laétic acid, its origin, analyfs, and com- 
binations, = 


I. 


1 


18 


IF 


I. 


LE 
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193 
374 


182 


399 


5 Salifiable 
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Salifiable bafes, or fubftances which may be 
changed to neutral falts by union with acids, I. 

Salifying principles, or fuch chemical fubftan- 
ces as are capable of converting faliñable 
bafes into neutral falts; another term for 


acids, 3 e \ FR 


Saliva, its nature and compofition, - I. 
Salts, confined as a chemical term to the union 
of falifiable bafes with acids. Hence alkzlies 


are excluded from the clafs, = L 
Sebacic acid, its formation, analyfs, and com- 

binations, = : I. 216. 
Seignette, fal de, the preparation of, : - : I 
Serum of milk, or whey, its analyfis, I. 
Shells, confift chiefly of carbonat of lime, É 
Siderite, formerly fuppofed a particular metal, TI 
Simple bodies, combulition of, - I 


-- fo far as hitherto known, their 
enumeration and nomenclature, I. 





tee mme oo 


Soap, its compofñtion and anelyfis, - R 
Soda, its formation, - FE 
—— fuppofed to contain magnefia asits bafe, I. 
Solution of falts, diretions for performing, I. 


Spiritus reétor, a fuppofed element of bodies, . 
Starch, its origin and analyfs, - I 
Steam, equivalent to aqueous gas, - Li 
 Strontites, a newly-difcovered earth, , I 

I 


Strontitic fpar, analyfs of, - 

Suberic acid, its preparation, analyfis, and com- 
binations, : > Le 

Sublimation, method of performing, II. 


Suécinic acid, its preparation, analylis, and com- 


binations, = - L 


216 


212 
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Sugar, analyfis of, # ‘ 1. 182 
Sugar of milk, how procurable, - I. 2x 
——— its acid, otherwife called faccho- 
laGicjsroù - ].., 34 
Sulphur, where found naturally, - L. 319 
———— its combinations with fimple fubftances, I. 72. 
Sulphuric acid, its nature and nomenclature, I. 118 
a —— its combinations, - I. 337 
Sulphurous acid, its nomenclature explained, L. 127 
ee 1 its combinations, _ I. 347 
Sulphurets, their nature and properties, I. 164 
Le 
Tanin, or aftringent principle, its origin, prepa- 
ration, and properties, - - I. 196 
Tartarous acid, its preparation, er and 
combinations, é - I. 37x 
Tellurium, a newly-difcovered metal, : M 272 
Titanium, a newly-difcovered metal, - I. 270 
Tungitic acid, its origin, preparation, and com- 
binations, OU - I. 369 
Trituration, method of performing, - H:-66 
U. 
Uranium, a newly-difcovered metal, æ I. 268 
Uranit-oker, the ochreous ftate of uranium, I. 269 
Uree, a peculiar fubftance procurable from urine, I. 214 
Urine, its properties and analyfis, . l.. #48. 
V. 
Vaporization, method of performing, - II. 85 
Vegetable produéts are moftly compound oxyds, 
chiefly compofed of hydrogen and carbon, L. 173 


Vinegar, 


376 
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Vinegar, procefs of its formation, 


ee 





— may be produced from water impreg- 


nated with carbonic acid and alcohol, I. 


Vitreous combinations, rationale of, 


W. 


Water, compofed of hydrogen and oxygen, 





——— fynthetic recompofition of, 


Wax, analyfis of, 
Whey, its analyfis, 


Wolfram, an ore of tungftein, 


à: 


Yttria, a newly-difcovered earth, 


Z. 


Zärcon, a newly-difcovered earth, 


Zoonic acid, its preparation, analyfs, and com- 


binations, 


FINIS. 


decompofed by charcoal and iron, 


£, 


+ 257 


+ 400 
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